Post Use Analysis of Firefighter Turnout Gear- Phase III by Cinnamon, Meredith Laine
University of Kentucky 
UKnowledge 
Theses and Dissertations--Retailing and 
Tourism Management Retailing and Tourism Management 
2013 
Post Use Analysis of Firefighter Turnout Gear- Phase III 
Meredith Laine Cinnamon 
University of Kentucky, mlcinn3@g.uky.edu 
Right click to open a feedback form in a new tab to let us know how this document benefits you. 
Recommended Citation 
Cinnamon, Meredith Laine, "Post Use Analysis of Firefighter Turnout Gear- Phase III" (2013). Theses and 
Dissertations--Retailing and Tourism Management. 4. 
https://uknowledge.uky.edu/mat_etds/4 
This Master's Thesis is brought to you for free and open access by the Retailing and Tourism Management at 
UKnowledge. It has been accepted for inclusion in Theses and Dissertations--Retailing and Tourism Management by 
an authorized administrator of UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu. 
STUDENT AGREEMENT: 
I represent that my thesis or dissertation and abstract are my original work. Proper attribution 
has been given to all outside sources. I understand that I am solely responsible for obtaining 
any needed copyright permissions. I have obtained and attached hereto needed written 
permission statements(s) from the owner(s) of each third-party copyrighted matter to be 
included in my work, allowing electronic distribution (if such use is not permitted by the fair use 
doctrine). 
I hereby grant to The University of Kentucky and its agents the non-exclusive license to archive 
and make accessible my work in whole or in part in all forms of media, now or hereafter known. 
I agree that the document mentioned above may be made available immediately for worldwide 
access unless a preapproved embargo applies. 
I retain all other ownership rights to the copyright of my work. I also retain the right to use in 
future works (such as articles or books) all or part of my work. I understand that I am free to 
register the copyright to my work. 
REVIEW, APPROVAL AND ACCEPTANCE 
The document mentioned above has been reviewed and accepted by the student’s advisor, on 
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of 
the program; we verify that this is the final, approved version of the student’s dissertation 
including all changes required by the advisory committee. The undersigned agree to abide by 
the statements above. 
Meredith Laine Cinnamon, Student 
Dr. Elizabeth P. Easter, Major Professor 
Dr. Scarlett Wesley, Director of Graduate Studies 
 
 
POST USE ANALYSIS OF FIREFIGHTER TURNOUT GEAR- PHASE III 
 
 
  
 
 
 
________________________________________  
 
THESIS  
________________________________________  
 
 
A thesis submitted in partial fulfillment of the  
requirements for the degree of Master of Science in the  
College of Agriculture  
at the University of Kentucky  
 
 
by  
 
Meredith Laine Cinnamon 
 
Lexington, Kentucky  
 
Director: Dr. Elizabeth Easter  
Professor of Merchandising, Apparel and Textiles 
 
Lexington, Kentucky 
 
October 28, 2013 
 
 
 
 
 
 
 
 
 
 
ABSTRACT OF THESIS 
 
 
POST USE ANALYSIS OF FIREFIGHTER TURNOUT GEAR PHASE III 
 
 
The purpose of this research was to perform a post-use evaluation of retired 
firefighter turnout gear.  Garments were categorized as 10-12 years old, 13-17 years old 
and 18-21 years old.  Inspection and test procedures required by National Fire Protection 
Association (NFPA) 1851 and NFPA 1971 were followed to determine if the current 
recommended 10 year wear life (retirement age) is appropriate.  Testing included a visual 
inspection (closure system functionality, light evaluation, leakage evaluation and 
flashlight test) and performance properties (Thermal Protective Performance (TPP), 
flammability, breaking strength, tear strength, seam strength and water penetration) 
completed on 108 garments.  Ten-year retirement, care, and use were criteria evaluated.  
The results confirm the flashlight test allows the firefighter to effectively evaluate trim 
reflectance on their turnout gear according to NFPA 1851. The leakage tests were not 
replicated by the water penetration tests.  Based on the results of this study, the advanced 
visual inspection and light evaluation confirm the recommended retirement age of a 
garment that was at least ten years from manufacture date.   
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Chapter One 
  The profession of fire fighting is one in which safety is imperative, starting with 
the garment that the firefighter wears. Firefighter’s protective clothing is the first line of 
defense against fire, smoke, steam and hazardous chemicals.   In 2012, 83 firefighters 
died while on duty in the United States; 49 percent of these deaths occurred were due to 
heart attacks or stroke (USFA, 2013).  The number of deaths occurring on the fire ground 
is an increasing concern as rates of traumatic deaths, while operating inside structures, 
have occurred more often than reported in the 1970s and 1980s, when  fires were more 
prevalent (Fahy, Leblanc, & Molis, 2012).  The single cause of injury saw a four-fold 
increase in firefighter deaths during 2012 for vehicle collisions, with 18 deaths (USFA, 
2013). 
Firefighter turnout gear is the first barrier of protection for the firefighter, 
however, there is no such thing as totally “safe” gear that will protect the wearer from all 
dangers and life threatening scenarios (Di Giovanni, 2006).  There are multiple 
contributing factors other than direct flame and heat that pose hazards to the firefighter.  
Working in a hot environment lowers the mental alertness and physical performance 
capabilities of the individual.  Increased body temperature and physical discomfort can 
lead to anger and irritation which distracts the wearer from physical dangers and the 
necessary caution that is vital to performing the job (Bumbarger, 2000).  Therefore, the 
firefighter suit should provide protection from heat and offer the wearer adequate comfort 
and functionality in order to reduce the amount of heat stress and overexertion 
(Bumbarger, 2000). 
 The firefighter turnout gear system is composed of three separate layers; the outer 
shell, moisture barrier and thermal liner.  As a composite, this three layer system is 
expected to provide the user with adequate heat, flame, liquid, chemical and mechanical 
protection (Di Giovanni, 2006).   The outer shell is the outermost layer of the turnout gear 
system.  Although it is the first line of defense against flame, cuts and abrasions, the outer 
shell only provides between 25 and 30 percent of the total thermal protection (Di 
Giovanni, 2006).  The condition of the garment is most noticeably assessed by the 
appearance of the outer shell, as the moisture barrier and thermal liner layers are not 
visible from the outside.  The moisture barrier is generally the inner layer behind the 
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outer shell of the turnout suit.  This layer consists of a liquid film barrier that is laminated 
to woven or nonwoven substrate material (Di Giovanni, 2006).  Its primary purpose is to 
shield the wearer from moisture which could impact the thermal insulation of the 
composite.  The thermal liner is the layer in direct contact with the firefighter’s work 
wear or skin.  It consists of a double layer with a facecloth material quilted to a 
nonwoven batting insulation (Di Giovanni, 2006).  Together the moisture barrier and 
thermal liner layers make up approximately 75 percent of the protective ensemble’s 
thermal protective performance. 
 This research was a continuation of the Firefighter Durability Study at the 
University of Kentucky. In Phases I and II of the study, career and volunteer fire 
department gear between the ages of two and 10 years old, was analyzed respectively. 
This study is the third of a three phase study. Phase III explored the performance and 
durability of turnout gear that was 10 years or older from its manufacture date in order to 
evaluate the National Fire Protection Association (NFPA) 1851 mandated 10 year 
retirement age.  
Problem 
 NFPA 1851 standard on selection, care and maintenance of protective ensembles 
for structural fire fighting and proximity fire fighting, 2008 edition, requires a retirement 
age of 10 years from the date of manufacture for fire fighting protective elements, 
including turnout gear (National Fire Protection Association, 2007a). While some 
departments retire at or before the 10 year wear life, many firefighters disagree with the 
10 year retirement age.  Due to the high financial investment and pride associated with 
“dirty” gear, most firefighters cannot afford to replace or are attached to their personal set 
of gear. It is essential that turnout gear be retired when it no longer provides the expected 
level of safety required to protect the firefighter.  It is difficult, however, to determine 
when the gear no longer provides the necessary protection.  It is crucial to evaluate the 
mandated 10 year wear life in NFPA 1851 in order to determine if gear greater than 10 
years from manufacture date meets the required performance standards. 
NFPA 1851 section 10.1.3 specifies that fire fighting ensembles and ensemble 
elements that are 10 years from the date of manufacture shall be retired.  NFPA defines 
retirement as, “The process of permanently removing an ensemble element from 
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emergency operations service in the organization,” (National Fire Protection Association, 
2007, p.11).  There are multiple variables which affect the useful lifetime of the turnout 
gear ensemble such as frequency of use, number and types of repairs, cleaning 
procedures used, and exposures to extreme heat (Torvi & Hadjisophocleous, 2000).  
Some types of degradation of the gear are easier to detect than others.  Rips and 
tears in the outer shell, holes in the moisture barrier, or other visual cues easily alert the 
inspector that a repair or replacement needs to be made.  Other forms of degradation are 
not as apparent such as reduction in flammability resistance, a decrease in water 
penetration resistance, or weakening of the fabric structure. As David Torvi explains, 
“Simply stating that a garment can be used for a certain number of years of service is not 
sufficient,” (Torvi & Hadjisophocleous, 2000).  Each garment is placed under different 
conditions and the retirement of each garment is dependent upon those conditions.   
Every fire department will have different levels of use and every garment within 
those departments will have different levels of use depending on the wearer.  The 
majority of current retirement guidelines are based solely on the visual cues of 
degradation and economic analyses (Torvi & Hadjisophocleous, 2000).  Departments 
have to consider the cost of retiring their garments and create a balance between finances 
and the quality of safety their gear provides.   
Purpose 
 The purpose of Phase III of the Firefighter Durability Study was to perform a 
post-use evaluation on firefighter turnout gear that was 10 years or older from their 
manufacture date to understand how the care and use by firefighters impacts the 
performance, durability and retirement age of turnout gear components.  The research 
evaluated used firefighter’s turnout gear according to NFPA 1851 standard inspection 
protocol and test procedures.  Previous research has been completed on gear that was 
between two and 10 years from manufacture date in the “Post Use Analysis of Firefighter 
Durability Study.”  In Phase I of this study, research was completed on gear from career 
fire departments (Cotterill, 2009).  Phase II of the study examined gear from volunteer 
fire departments (Trenkamp, 2011).  Both Phase I and Phase II evaluated gear between 
the ages of two and 10 years from manufacture date. There has been little research 
conducted on retired gear that is more than 10 years from manufacture date and no 
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garments greater than 10 years of age were included in Phase I or Phase II.  In Phase III 
of the firefighter durability study, retired gear was visually inspected and physically 
tested in order to help determine if the current mandated 10 year wear life or retirement 
age is appropriate. 
Research Objectives 
 Material performance characteristics of retired turnout gear (at least 10 years from 
manufacture date) were tested and the data analyzed to assess wear patterns from the fire 
departments. The protective ensembles were visually evaluated according to NFPA 1851 
section 6.3.  This advanced visual inspection included an overall assessment of the 
condition of each layer of the ensemble, of the closure system functionality and of the 
trim reflectance. The individual components of the protective ensemble were tested 
according to NFPA section 12 which included a light evaluation of liners, leakage 
evaluation of the moisture barrier and water penetration barrier evaluation.  Trim 
retroreflectivity and fluorescence was conducted on the outer shells according to NFPA 
1971.  The quality and performance of used firefighter turnout gear, both coats and pants, 
were evaluated.  In order to accomplish these goals and determine comparisons and 
solutions, three objectives and research questions were prepared. 
The research objectives for this study are as follows: 
1. To evaluate turnout gear that has been retired, based on the 10 year retirement 
criteria in NFPA 1851 Standard on Selection, Care, and Maintenance of 
Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting, 
2008 edition, for coats and trousers according to the methods outlined in 
NFPA 1851, 2008 Edition and NFPA 1971, 2007 Edition. 
2. To evaluate the durability and performance properties (trim evaluation, light 
evaluation of liners, leakage evaluation and water penetration barrier 
evaluation) of retired fire fighting turnout gear against the requirements of 
NFPA 1851 Standard on Selection, Care and Maintenance of Protective 
Ensembles for Structural Fire Fighting and Proximity Fire Fighting, 2008 
Edition. 
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a. To compare seam versus fabric integrity when evaluating water 
penetration and leakage according to NFPA 1971, 2007 Edition 
and NFPA 1851, 2008 Edition. 
b. To compare the results of the water penetration barrier evaluation 
with the leakage evaluation test as specified in NFPA 1851, 2008 
Edition. 
c. To compare the results of the trim retroflection and fluorescence 
test to the flashlight test as specified in NFPA 1971, 2007 Edition 
and NFPA 1851, 2008 Edition. 
3. To evaluate the durability and performance properties (Thermal Protective 
Performance (TPP, flammability, tear strength, seam strength and breaking 
strength) of used fire fighting turnout gear against the requirements of NFPA 
1971 Standard on Protective Ensembles for Structural Fire Fighting and 
Proximity Fire Fighting, 2007 Edition. 
a. To examine if there is a correlation between Thermal Protective 
Performance (TPP) and thickness testing in retired gear, more than 
10 years from manufacture date. 
4. To obtain specific use, care and maintenance information of retired firefighter 
turnout gear using a researcher completed questionnaire.  
Research Questions 
 In order to meet the research objectives, the subsequent research questions were 
addressed: 
1. Is the NFPA 1851, 2008 Edition required 10 year retirement validated by the 
results of the visual inspection and physical testing of the study? 
2. Do the performance properties (liner evaluation, leakage evaluation, water 
penetration barrier evaluation, trim reflectance and fluorescence) of retired 
structural fire fighting turnout gear worn by firefighters meet the requirements 
of NFPA 1851, 2008 Edition and NFPA 1971, 2007 Edition? 
a. Are seams or fabric materials responsible for a loss of integrity in 
moisture barrier penetration failures? 
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b. Does this study validate similar results between the leakage 
evaluation (field test) and the water penetration barrier evaluation 
(laboratory test) for retired protective ensembles? 
c. Does this study validate similar results between the flashlight test 
(field test) and the trim retroreflectivity and fluorescence test 
(laboratory test) for retired protective ensembles? 
3. Do the performance properties (TPP, flammability, tear strength, seam 
strength and breaking strength) of retired structural fire fighting turnout gear 
worn by firefighters meet the requirements of NFPA 1851, 2008 Edition and 
NFPA 1971, 2007 Edition? 
a. Is there a correlation between Thermal Protective Performance 
(TPP) and thickness testing in retired gear, more than 10 years 
from manufacture date? 
4. Does the information collected regarding the care, maintenance, and retirement of 
firefighter gear from the firefighter departments reflect the requirements of NFPA 
1851, 2008 Edition? 
Justifications 
 Over a five year period, from 2005 to 2009, there was an average of 38,660 
firefighter fire ground injuries reported per year in the United States (Karter, 2012).  Of 
the injuries reported each year, half were related to extinguishing and fighting a fire.  
With 83 firefighter fatalities in 2012, the same number of losses in 2011, research to 
improve firefighting safety is necessary to lower the risk of injury (USFA, 2013).  
Firefighters face dangerous hazards each and every day, no matter the type of call they 
are responding to.   
Safety is the primary concern when designing and donning the firefighter turnout 
system.  The durability and wear life of this gear is also of primary concern.  The length 
of time in which the gear can maintain this optimum level of safety is essential in making 
sure the wearer is protected for the long term.  Therefore, firefighters should place the 
maintenance and repair of their gear as first priority.  NFPA 1851, 2008 edition, provides 
specific recommendations that all fire departments should follow to ensure their turnout 
gear is in the safest condition possible and will provide maximum protection (Zender, 
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2008).  Section 6.2.1 of this standard specifies that a routine inspection of the protective 
ensemble should be conducted after each use (National Fire Protection Association, 
2007a).  However, it is up to the individual department to define “use” (Lopez, 2012).  
This can pose a danger to the firefighter if the department defines “use” in such a way 
that it does not necessitate routine inspections often enough.  This could lead to potential 
safety threats if damage goes unnoticed.     
Over time, the wear and tear on protective gear results in a decrease of protection 
for the firefighter. The safe-use limits can be difficult to identify as they are not always 
apparent through visual cues.  The current service standards may lack in their ability for 
the firefighter to easily identify safe-use limits within the department and through field 
testing.  Any lack of knowledge regarding the current protection level of a garment can 
be extremely dangerous and hazardous to the firefighter donning it.  This may lead to 
injury or even fatality for the firefighter.  
The structural fire fighting protective ensemble consists of multiple elements of 
compliant protective clothing and equipment that, when worn together, provide 
protection from some risks of emergency incident operations (National Fire Protection 
Association, 2006a). This ensemble includes a protective coat, trousers, footwear, gloves, 
hood and helmet.  These pieces function together to provide the maximum level of 
protection possible for the firefighter.  All it takes for an injury or death to occur is for 
one component in the entire protective ensemble to fail.  Therefore, it is necessary to 
determine the limitations of fire fighting turnout gear and at what point they need to be 
repaired or retired.  If the functional cues of the turnout gear, discovered through testing, 
can accurately predict the wear life of the garment, then the safety of the firefighter will 
be improved. 
According to NFPA 1851, section A.10.1.1, experience shows that ensembles 
approaching 10 years from manufacture date have a higher likelihood of performance 
deficiencies in multiple areas that can often be detected only by destructive testing 
(National Fire Protection Association, 2007a). However, the shorter the life of the 
garment, the more purchases fire stations will be required to make.  This could result in a 
problem for many fire departments, especially those that are smaller and strictly 
volunteer.  Not all departments can afford to replace gear every 10 years however, a 
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balance of safety and cost must be maintained.  Ultimately firefighter safety is the 
priority.  Therefore, it is necessary for turnout gear to be examined in order to evaluate if 
there is a mechanism to determine if turnout gear can still be deemed “safe” at or beyond 
the 10 year retirement age.  
Limitations 
 The limitations for this study include the number of garments in the sample set 
and the background information provided to the researcher regarding the care, 
maintenance, use and storage of the garments.  A larger sample size would provide a 
stronger representation between the sample set and the population.  The ensembles were 
limited by the number of garments collected by the manufacturers for physical testing 
and the time table for testing and completion of the project. The samples were not 
collected randomly, but instead were determined by availability.  The researcher did not 
have control over how the garments were cleaned, inspected, repaired, or stored.  There 
was no information provided to the researcher regarding the garment history such as the 
number of fires the garment had been through, the types of fires the garment had been 
through, or the specific retirement age of the garment.  For purposes of this study, “use” 
was defined as the approximate number and type of fire each piece of turnout gear has 
encountered.   
 Another limitation of the study is the inclusion of only 91 thermal liners and 
moisture barriers, compared to 108 outer shell components.  Seventeen thermal liners and 
moisture barriers were eliminated from the study due to their proprietary nature.  This 
decreased the sample size for the inner composition layers of the turnout gear. 
 A researcher completed questionnaire was fulfilled for each of the three fire 
departments donating gear to the study. The researcher requested information from each 
department donating gear to the study and completed the questionnaire according to each 
department’s care, maintenance, storage and retirement protocol followed for the gear 
donated. The researcher had no control over the accuracy or thoroughness of the 
information provided by the department.  The length of time between retirement and 
storage is another limitation of the study. The researcher did not have specific 
information regarding the use for training or other departmental purposes between this 
time. Garments in the study were an assortment of structural coats and pants with 
9 
 
exposure to various numbers and types of use.  This does affect the results because not all 
garments have been subjected to the same conditions or situations. 
Assumptions 
 For the purpose of this research, it was assumed that the sample size of 108 outer 
shell garments and 91 inner layer garments adequately represented retired fire fighting 
turnout gear since the sample sizes are limited and not randomized.  It was assumed that 
firefighters using turnout gear do care, clean, and inspect their garments routinely, but do 
not necessarily follow NFPA guidelines.  It was assumed “use” is defined as years in 
service: 10-12 years, 13-17 years and 18-21 years.  The structural turnout gear collected 
was an acceptable representation from each of the three “use” categories.  
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Chapter Two 
Review of Related Literature 
 The purpose of this research was to perform a post-use evaluation of firefighter 
turnout gear that was 10 years old or greater from their manufacture date in order to 
understand how the care and use by firefighters impacts the performance, durability and 
wear life of turnout gear components.  The research evaluated used firefighter’s turnout 
gear that had been in service 10 years or more and had been removed from fire ground 
operations.  This review of literature provides relevant information on (1) The Hazardous 
Environment of Fire Fighting, (2) Previous Research, (3) Protective Ensembles, (4) 
NFPA Standards and Proposals, (5) Maintenance and Retirement of Protective Clothing, 
(6) Post-Use Evaluation.  
The Hazardous Environment of Fire Fighting 
 The NFPA defines structural fire fighting as follows, “The activities of rescue, 
fire suppression, and property conservation in buildings, enclosed structures, vehicles, 
marine vessels, or like properties that are involved in a fire or emergency situation,” 
(National Fire Protection Association, 2007a).  Structural fire fighting poses numerous 
hazards to the firefighter including but not limited to high heat flux temperatures, steam, 
smoke and biological and chemical contaminants.  The majority of these hazards occur 
on the fire ground with an average of 38,660 firefighter fire ground injuries per year 
between 2005 and 2009 (Karter, 2012).  The fire ground is the area in which fire fighting 
operations are carried on (Merriam-Webster, 2012).  
 High temperatures and heat stress pose serious dangers to firefighters.  Second 
degree burns occur within one second of exposure at 158 degrees Fahrenheit (Los 
Angeles City Fire Department, 1993). High heat operations are those that involve 
continuous exposure to temperatures at or above 200 degrees Fahrenheit (Bumbarger, 
2000).  In only three and a half minutes, the heat from a house fire can reach over 1100 
degrees Fahrenheit during a flashover (American Red Cross, n.d.).  These operations 
involving high temperatures put the firefighter at a high risk for heat stress which can 
lead to dehydration, increased heart rate, loss of concentration and weakened strength 
(Bumbarger, 2000).   Testing indicates that the exposure to temperatures of only 280-320 
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degrees Fahrenheit will cause extreme pain and severe, full thickness burns to all 
unprotected skin (Los Angeles City Fire Department, 1993). 
 The type of heat exposure affects the hazards that firefighters are exposed to.  
There are three types of heat transfer that cause thermal burns: conductive (direct heat 
flow through matter or an object), convective (transport of heat within a gas or liquid, 
such as steam) and radiant (the transmission of electromagnetic radiation) (Rutledge, 
2006).  The most significant method of heat transfer in fire fighting is thermal radiation 
(Stull, 2000). During a fire, intense levels of radiant energy are emitted.  This energy is 
absorbed by objects in the fire’s surroundings and converted to heat (Rutledge, 2006).  
Exposure to radiant heat can occur when firefighters are engaged in activities near fire, 
boilers, or flames; while conductive heat exposure occurs most often from handling hot 
objects (Bumbarger, 2000). 
Firefighter’s Protective Ensemble 
 NFPA 1971 Standard on Protective Ensembles for Structural Fire Fighting and 
Proximity Fire Fighting, 2007 edition, defines the structural fire fighting protective 
garment as the coat, trouser, or coverall element of the protective ensemble (National Fire 
Protection Association, 2006a). The coat and trousers of the protective ensemble are 
made up of three layers which include a flame resistant outer shell, a middle layer that 
prevents harmful liquids (blood, water, chemicals, etc.) from soaking the wearer, and an 
inner layer that protects against the three types of heat transfer methods (convection, 
conduction, and radiation) (Hasenmeier, 2008).  As a whole, the protective ensemble 
should provide adequate heat, flame, liquid, chemical and mechanical protection for the 
firefighter (Di Giovanni, 2006). 
 Outer Shell. The outer shell is the outermost layer of the garment composite with 
exception of trim, hardware, reinforcing material and wristlet material (Young, 2005).  
The outer shell is often equated with overall gear performance and is the most apparent 
component of the protective ensemble (Di Giovanni, 2006).  The function of the outer 
shell is to provide a tough, durable first line of defense against heat, flame and abrasion 
(Corner, 2009). 
 Moisture Barrier. The component of an ensemble element or item that 
principally prevents the transfer of liquids is known as the moisture barrier (National Fire 
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Protection Association, 2007a).  The moisture barrier consists of a permeable film barrier 
laminated to a woven or nonwoven substrate material. Durability is a factor in 
considering the useful life of a moisture barrier as the woven substrate will outlast the 
nonwoven backed fabric (Di Giovanni, 2006).  
 Thermal Liner. The thermal liner provides the bulk of the thermal insulation in a 
composite ensemble (Young, 2005).  The liner is the inner most layer of the protective 
ensemble that is closest to the body.  Typically, liners are constructed with a woven face 
cloth and a nonwoven batt.  The purpose of the face cloth is to provide a wicking agent 
which will move perspiration away from the body to keep the firefighter drier and more 
comfortable.  The batt provides air gaps in order to maximize thermal insulation (Corner, 
2009). 
 Fabrics. There are many materials available for protective clothing garments.  
The combined fabric components selected for a garment determines its specific 
performance characteristics and durability which in turn affect its useful wear life (Di 
Giovanni, 2006).  There is a notable relationship between thermal protection and 
breathability which is inversely related.  Ideally, both thermal protection and breathability 
would exist together, however, that is not the case.  Fire departments requesting lighter, 
more mobile gear will have to consider the tradeoff between lighter gear and less thermal 
protection (Di Giovanni, 2006).  This is not the only relationship that firefighters must 
consider when selecting materials for their gear.  Each material used in firefighter 
protective clothing is unique. 
Outer Shell. The most common fibers used in the construction of outer 
shell materials are Nomex®, Kevlar® and/or PBI fibers. The fibers listed below are only 
those used in this particular research. 
  PBI Fibers. According to PBI Performance Products, “Polybenzimidazole 
(PBI) staple fiber is an organic fiber that provides thermal stability for a wide range of 
high temperature applications,” (PBI Performance Products Inc., 2012). This fiber will 
not burn in air, it does not melt or drip, and it will retain its strength and flexibility even 
after exposure to flame (PBI Performance Products Inc., 2012).  The strength of PBI fiber 
is its flame stability; the weaknesses of PBI are its low strength and high cost (Young, 
2005).  PBI fibers combine flame-resistant and thermal protection with the highest level 
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of comfort, durability and protection (PBI Performance Products Inc., 2012).  PBI fibers 
are typically blended with other fibers when producing fabrics. 
  Kevlar® and Nomex®. Outer shells constructed using Nomex® and 
Kevlar® fibers are engineered to form materials that are heat resistant, strong, and 
protective of the inner components of the protective ensemble(DuPont, 2012c). 
According to DuPont, Nomex® forms a tough, protective char, staying supple until it 
cools, and will not melt or drip (DuPont, 2012b). Kevlar® is extraordinarily strong, with 
five times the strength of steel on an equal-weight basis (DuPont, 2013c). 
  Moisture Barrier. 
  Crosstech®. Crosstech® is a moisture barrier manufactured by W.L. Gore 
that exceeds the NFPA 1971 (2013 edition) standard minimum specification 
requirements.  Crosstech® provides high breathability, lasting durability, and superior 
protection against hazards (W. L. Gore & Associates, 2012a).  According to W.L. Gore, 
the Crosstech® three-layer moisture barrier is the most durable moisture barrier on the 
market today (W. L. Gore & Associates, 2012a). 
  Thermal Liner. 
  Aramid. Aramid is a manufactured fiber that is used in flame-resistant 
clothing.  Aramid has no melting point, low flammability, and good fabric integrity at 
elevated temperatures (Fiber Source, n.d.). 
  E-89. E-89 is a thermal liner material commercially produced by DuPont. 
According to DuPont, “E-89 thermal liners are among the thinnest, most flexible, and 
breathable available,” (DuPont, 2012c).  E89 fibers are nonwovens combined with face 
cloths used in the inner layers of the firefighter protective ensemble (DuPont, 2012a). 
  TenCate Caldura® SL Quilt. A fabric composite produced by TenCate, 
Caldura® has a low friction face cloth that provides mobility and ease of use.  It utilizes 
Kevlar® and Nomex® nonwovens in conjunction with TenCate Caldura® face cloth. 
Caldura® thermal liner is known for its comfort, great heat stress relief, ease of donning 
and doffing and high thermal protection.  This face cloth is resistant to snagging and 
pilling, improving its abrasion resistance (TenCate, 2012). 
 Reinforcements. The addition of materials and layers to some parts of protective 
clothing are known as reinforcements.  Reinforcements serve a variety of functions which 
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include providing additional insulation to heat transfer, absorbing shock and protecting 
primary layers from abrasion (Stull & Stull, 2009).  Areas which are required by NFPA 
1971 to have extra insulation include the knee area of pants and the shoulder area of 
coats.  In general, at least one additional layer of outer shell or thermal barrier is added to 
provide the necessary insulation (Stull & Stull, 2009). The elbows are also commonly 
reinforced. The hem areas of pants and coat sleeves are often reinforced along with the 
closure and waist areas to provide extra durability and prevent tears. Reinforcements 
work to help increase the durability of the garment.  
NFPA Standards 
 The NFPA develops, publishes, and disseminates more than 300 consensus codes 
and standards intended to minimize the possibility and effects of fire and other risks; 
virtually every building, process, service, design, and installation in society today is 
affected by NFPA documents (National Fire Protection Association, 2012a). NFPA codes 
and standards are widely accepted and adopted because they are developed by 
professionals in the field, using an open, consensus-based approach (National Fire 
Protection Association, 2012b).  
 NFPA 1851. This standard is a companion document for NFPA 1971; it is written 
to help the fire department and end-users select, clean, inspect, and repair their structural 
fire fighting protective ensembles and ensemble elements (W. L. Gore & Associates, 
2012b). 
  History. The first edition of NFPA 1851 was issued in 2001 and was 
titled, “Standard on the Selection, Care, and Maintenance of Structural Fire Fighting 
Protective Ensembles,” (National Fire Protection Association, 2007a). NFPA 1851 is 
written for those organizations that evaluate the risks their emergency respondents face 
and their particular needs for protective clothing that develop purchase specifications, and 
that purchase structural fire fighting protective ensembles (National Fire Protection 
Association, 2007a).  It also enables firefighters to inspect, maintain, and care for their 
protective ensembles appropriately and in a safer manner.  This standard includes 
chapters on the administration, selection, inspection, cleaning, repair, storage, testing and 
retirement of the firefighter protective ensemble. 
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  Revision. The second edition of NFPA 1851 has been expanded to include 
both structural fire fighting ensembles as well as proximity fire fighting ensembles.  The 
organization and layout of the 2008 edition follows the new standards format according 
to the Manual of Style for NFPA Technical Committee Documents. New requirements 
include setting the criteria for organizations and Independent Service Providers (ISPs) to 
perform the tasks of inspection, cleaning, and repairing of protective ensembles and 
ensemble elements (National Fire Protection Association, 2007a).  New requirements for 
testing methods for trained personnel, as well as ISPs, set the criteria to determine the 
functionality and protection afforded by the ensembles (National Fire Protection 
Association, 2007a).   The revision to chapter 10 now requires retirement no later than 10 
years from the date the ensemble or ensemble elements were manufactured.  The 
replacement of fire fighting ensembles is now required to better ensure that firefighters 
safety is maintained and they have state-of-the-art protection from fire fighting 
environments (National Fire Protection Association, 2007a). The 2014 published edition 
of NFPA 1851 reaffirms the 10 year retirement age for garments. 
  Selection. Prior to starting the process of selection for structural fire 
fighting gear, a risk assessment should be performed.  This risk assessment should 
include, but not be limited to the hazards that are encountered such as type of duties 
performed, frequency of use of elements, organization’s experiences, incident operations, 
geographic location and climate, and likelihood of response to CBRN terrorism incident 
(National Fire Protection Association, 2007a).  The department should also review other 
NFPA standards such as NFPA 1971, NFPA 1994, NFPA 1500, NFPA 600 and other 
OSHA standards related to selection.  The organization should ensure that elements under 
consideration for purchase meet all NFPA 1971 requirements by a third-party 
organization (National Fire Protection Association, 2007a). 
 It is important to consider sizing when selecting fire fighter protective ensembles.  
The more tailored the fit, the greater the reduction in weight and bulk. This supplies the 
firefighter with increased mobility in order to perform their job more effectively 
(Mordecai & Freeman, 2012). NFPA 1971 provides the minimum availability of sizes for 
both men and women, but it doesn’t provide for different body shapes (Mordecai & 
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Freeman, 2012).   Selecting the correct fit will increase the safety for the firefighter and 
make their job easier. 
  Inspection. NFPA 1851 requires that when a department receives their 
gear a thorough visual inspection should be conducted (Trenkamp, 2011). NFPA 1851 
Section 6.2 requires that individual members conduct a routine inspection of their 
protective ensembles after each use (National Fire Protection Association, 2007a).  “Use” 
is left up to the fire department to determine. As a minimum, the routine inspection 
should include an inspection for the following: soiling, contamination, physical damage, 
missing or damaged reflective trim, loss of seam integrity and broken or missing stitches, 
and correct assembly of the shell and liner (National Fire Protection Association, 2007a).  
This routine inspection should be completed by the end user on the coat, trouser, hood, 
helmet elements, gloves, footwear, interface components and drag rescue device.  
 A 2008 revision to NFPA 1851 requires a thorough liner system inspection 
beginning at year three and every year thereafter.  This inspection should be performed 
by a qualified person, either within the department or through an ISP, as it should be 
examined for visual cues on both the moisture barrier and thermal liner sides (Brehm, 
2007).   Advanced visual inspections should be done annually, or whenever routine 
inspections indicate that a problem could exist, by a trained member or ISP (Lopez, 
2012).  The advanced visual inspection should be conducted according to section 6.3.5.1 
for coats and trousers, and testing procedures for the light evaluation of liners and 
leakage evaluation should also be conducted according to Sections 12.1 and 12.2 
(National Fire Protection Association, 2007a). 
 At the conclusion of an inspection, as a minimum any necessary cleaning or 
decontamination, repairs, and testing should be conducted according to the specified 
procedures (National Fire Protection Association, 2007a). 
  Life Span Recommendation Issues. NFPA 1851 requires that structural 
fire fighting elements including turnout gear be retired no more than 10 years from the 
date it was manufactured. The standard specifies that the radiant reflective outer shell 
used on proximity garments be replaced at a maximum of five years from the date of 
manufacture.  Those elements that were not in compliance with the edition of the 
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applicable NFPA standard that was current when the ensemble was manufactured should 
also be retired (National Fire Protection Association, 2007a).  
NFPA notes that, “Fire departments that respond to a higher than average number 
of emergency incidents or that have frequent or extensive ‘working fire’ operations might 
want to plan for replacement of ensembles or ensemble elements on a more frequent 
cycle,” (National Fire Protection Association, 2007a).  This recommendation however, 
does not specify what constitutes “frequent” or “extensive” “working fire” operations or 
quantify what a “higher than average number” of incidents is.  This leaves it open to the 
individual departments to define, in which case, there is potential for “non-safe” 
protective ensembles to be used.  
Without research that shows the specific useful life of turnout gear, there is 
potential for the actual useful life to be less than or greater than the NFPA specified 10 
years.  There are multiple variables that would affect the useful life of the garment such 
as number of uses, types of fire exposure, type of incidents incurred, proper inspection, 
care, and maintenance, as well as the specific firefighter who wears the gear.  If proper 
care and maintenance procedures were followed, a garment 10 years from manufacture 
date may still function properly and it would therefore serve the department to continue 
its use.  Section 10.1.4 guides the organization to retire garments that are worn or 
damaged beyond repair or cost effectiveness of repair (National Fire Protection 
Association, 2007a). 
 NFPA Proposals. Five NFPA proposals were written and submitted after 
the first two phases of the Firefighter Durability Study at the University of Kentucky.  
The proposals included revisions regarding liner inspection frequencies, retirement 
criteria, reflective trim, cleanliness and leakage evaluations.  The proposal for increased 
frequency of liner inspection was rejected by the NFPA committee due to its belief that 
the three year requirement is sufficient (NFPA 2012 Fall Revision Cycle Report on 
Proposal, 2012). The suggestion for more detailed retirement criteria, such as excessive 
soil build up, thermal damage, or physical damage that would call for garments to be 
retired before the recommended 10 year age was rejected. The technical committee 
believed that this information is covered elsewhere within the standard (Paragraph 
10.1.4) (NFPA 2012 Fall Revision Cycle Report on Proposal, 2012). 
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The proposal written for the leakage evaluation (cup test) suggested that it be 
removed from the body of text of NFPA 1851 and placed in the annex.  This was due to 
the results from Phases I and II of the firefighter durability study that found the test was 
not an accurate method to predict the safety of the liner. This proposal for leakage 
evaluation testing was rejected due to the committee’s justification that there was not a 
strong enough correlation between the water penetration barrier evaluation and the 
leakage evaluation test. The committee stated that the leakage evaluation (cup test) was 
an appropriate field test and does not exclude the use of a more stringent hydrostatic test 
(NFPA 2012 Fall Revision Cycle Report on Proposal, 2012). 
Two of the five proposals were accepted by NFPA; one proposal included 
reiteration of the importance of maintaining cleanliness of ensembles and ensemble 
elements while the other proposal on reflective trim was accepted in part.  The flashlight 
test from phases I and II proved its ability to accurately predict the reflectivity of trim.  
The proposal included a statement regarding the test’s effectiveness and timely results, 
which was accepted. 
 NFPA 1971. This standard specifies the minimum design, testing, performance, 
and certification requirements for both structural and proximity fire fighting ensembles 
and ensemble elements (W. L. Gore & Associates, 2012b).  
  History. The first edition of NFPA 1971 Standard on Protective 
Ensembles for Structural Fire Fighting and Proximity Fire Fighting was issued in 1975.  
This standard governs the specifications for turnout clothing including coats, pants, 
helmets, gloves, footwear and hoods (Stull, 2007).  
  Revision. Consecutive editions of NFPA 1971were published in 1981, 
which made the document more usable for the fire service and protective clothing 
manufacturers, 1986, which included more performance requirements and fewer 
specifications, and 1991, which incorporated third party certification, labeling, and 
listing, as well as a new chapter that addressed interface items. The 1997, or fifth edition 
of NFPA 1971, combined four former standards on structural fire fighting protective 
clothing: NFPA 1971, Standard on Protective Clothing for Structural Fire Fighting; 
NFPA 1972 Standard on Helmets for Structural Fire Fighting; NFPA 1973 Standard on 
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Gloves for Structural Fire Fighting; and NFPA 1974 Standard on Protective Footwear 
for Structural Fire Fighting (National Fire Protection Association, 2006a). 
 The sixth edition completed in 2000 represented a complete revision to the fifth 
edition. This sixth edition introduced new requirements for the total heat loss test, for 
evaluating thermal insulation, and for evaluating the durability of barrier materials 
(National Fire Protection Association, 2006a).  The seventh edition completed in 2007 
combined the requirements of two former standards to include both structural fire 
fighting and proximity fire fighting requirements and specifications. The other major 
change in this edition is the optional requirements for protection from CBRN terrorism 
agents (specified chemicals, biological agents, and radiological particulates) (National 
Fire Protection Association, 2006a).  Another addition was the mandatory outfitting of all 
coats with a drag rescue device (DRD).  This is an integrated system of webbing, rope or 
other material built into the coat to permit the rescue of an incapacitated firefighter (Stull, 
2007).  Gaps in trim are now allowed according to NFPA 1971, Section 6.2.3.5.1 which 
states, “Where trim on the coat intersects a zipper or where the trim intersects the 
innermost seam of each sleeve, a maximum gap in the trim of 25 mm (1in.) shall be 
permitted,” (National Fire Protection Association, 2006a). The 2013 edition of NFPA 
1971 is the eighth and most up to date edition.  
Care and Maintenance of Protective Ensembles 
 NFPA 1851, Standard on Selection, Care, and Maintenance of Protective 
Ensembles for Structural Fire Fighting and Proximity Fire Fighting, includes the 
inspection, cleaning, and repair procedures for the care and maintenance of the fire 
fighting protective ensemble and ensemble elements.  This standard is mandated by the 
federal Occupational Safety and Health Administration (OSHA), which applies to all 
states that haven’t adopted their own OSHA program (Lopez, 2012). NFPA 1851 
provides specific recommendations that all fire stations should follow to keep their 
turnout gear in the safest condition in order to provide maximum protection (Zender, 
2008). 
 The care and maintenance for a firefighter's turnout ensemble begins with proper 
record keeping for each piece of gear.  NFPA requires complete records to be kept for 
each ensemble from the date of the ensemble’s issue through its disposal.  These records 
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should fully document all repairs, advanced cleaning and decontamination and advanced 
inspections.  The manufacturer, serial number, and garment size should also be recorded 
(Zender, 2008).  
 According to NFPA 1851, section 7.1.2, ensembles and ensemble elements should 
be evaluated by the wearer for application of appropriate cleaning level after each use 
(National Fire Protection Association, 2007a).  If the wearer identifies any type of 
contamination to the gear it should be further evaluated to determine if a routine cleaning 
can be performed in the station or if an advanced cleaning should be performed by an 
ISP.  Contamination of turnout gear includes exposure to hazardous materials, body 
fluids, an immediately dangerous to life and health environment, or a chemical, 
biological, radiological, or nuclear agent (Lopez, 2012).  A trained member of the 
organization may perform routine cleaning on site at the conclusion of the emergency 
situation.  Routine cleaning includes brushing off debris, gently rinsing off debris, and 
involves using a utility sink designated specifically for personal protective equipment 
(PPE) (National Fire Protection Association, 2007a). 
 An advanced cleaning according to NFPA 1851, refers to machine cleaning of 
garments, gloves, and hoods (Brehm, 2007). When using machines to clean PPE, 
members must be properly trained to ensure further damage does not occur to the 
garments during washing.  If the wrong detergents, wash temperatures, wash cycles, or 
drying procedures are used, damage to the materials can occur. When performing an 
advanced cleaning, wash temperatures should not exceed 105 degrees Fahrenheit, 
detergents should be in a pH range of six to 10.5, and machine drum rotations per minute 
should not exceed a g-force of 100 (Brehm, 2007). When drying the gear, an air or “no-
heat” setting should be used (Brehm, 2007). These settings reduce the likelihood of  
ruining the liner and moisture barrier (Zender, 2008). Great care should also be taken to 
avoid leaving any soap residue on the gear which has a dangerously low flash point 
(Zender, 2008).  Garments that have been contaminated with CBRN agents should be 
disposed of as there is no way to truly rid them of these agents without destroying them 
(Brehm, 2007). 
 In order to maintain the performance of turnout gear repairs may also be made to 
the garment element. NFPA 1851, section 8.1.1 states that, “All repairs shall be 
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performed by the original manufacturer, an ISP, or a member of the organization who has 
received training by the manufacturer or by an ISP in the repair of ensembles or ensemble 
elements,” (National Fire Protection Association, 2007a).  In order to complete advanced 
repairs within the fire station, the department must be tested and certified each year 
which is an additional considerable expense (Zender, 2008).  Therefore, the majority of 
departments choose to pass on the liability of repairs to the manufacturer or ISP. 
 Section 8.2  stipulates that repairs made within the department should be 
restricted to patching holes, repairing trim, replacing hardware, and reconstructing broken 
stitches in main seams that are up to one inch in length (Lopez, 2012).  Repairs beyond 
this scope must be made by either the manufacturer or an ISP provider. An ISP can 
provide the department with advanced inspection, cleaning and repair services (Lopez, 
2012). 
 NFPA 1851 also outlines procedures for the storage of protective ensembles. UV 
light exposure is one source of degradation to turnout gear. The degrading effect of light 
continues at the molecular level even after the light source has been removed (Brehm, 
2007).  The evidence of light degradation may or may not be present visually through 
color changes, fading and loss of strength.  Other effects of this degradation may not be 
apparent to the wearer.  Therefore, NFPA 1851, chapter 9 specifies the requirements for 
the storage of PPE. Section 9.1.1 specifies that ensembles should not be stored in direct 
sunlight or exposed to direct sunlight while not being worn (National Fire Protection 
Association, 2007a).  Recommendations for storage include: avoid hanging PPE on the 
apparatus on the front apron of the station, paying attention to patterns of sunlight 
entering the station throughout the day, keeping new, unused spare sets of gear in a 
warehouse safe from long-term light exposure, and avoiding storing PPE in the trunk of a 
vehicle (Brehm, 2007).  Firefighters should also avoid wearing their gear into the living 
areas of the station.  
Useful Life and Retirement of Protective Clothing 
 NFPA 1851, Section 10.1.2 specifies that structural fire fighting ensembles shall 
be retired no more than 10 years from their manufacture date (National Fire Protection 
Association, 2007a).  As Brehm explains, “It is both a tribute and an embarrassment to 
the fire service that firefighters often continue to wear PPE that’s unsafe simply because 
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it’s a particular style or color or just has that ‘experienced’ look,” (Brehm, 2007).  Over 
time, the wear and tear on a firefighter’s ensemble begins to show through outward 
appearance.  Many within the fire service see this wear and tear as a symbol of pride and 
seniority but in actuality it is proof of degradation and in many cases a lack of safety 
provided by the gear. 
 Degradation is defined as weakening and loss of those properties necessary for the 
satisfactory performance due to the changes occurring as a result of the ageing process 
(Rezazadeh & Torvi, 2011).  The factors that influence the ageing and degradation of 
firefighters’ protective clothing include the type of material, the nature of fire fighting 
operations, ultra violet radiation exposure, wear and abrasion to clothing, and the specific 
maintenance procedures used (Rezazadeh & Torvi, 2011).  Some degradation, such as 
rips, tear, and holes are easier to detect than others.  Other forms of degradation that 
reduce the safety and performance of the gear are not evident visually, leading to the 
potential for serious harm and in some cases, death.  
 Currently, most guidelines for the retirement of firefighter turnout gear are based 
upon visual inspections and economic analyses (Torvi & Hadjisophocleous, 2000). The 
level of use for a garment differs from department to department and from firefighter to 
firefighter.  Therefore, it may not be realistic to say that all firefighter turnout gear should 
be retired after a specific number of uses or years. Further research should be completed 
to evaluate the safety performance of gear that is at least 10 years from manufacture date 
and even greater.  
 As Torvi explains in the article, development of methods to evaluate the useful 
lifetime of firefighters’ protective clothing, “Sunlight and heat reduced the physical 
strength of the fabric, but did not appear to affect the flame resistance or thermal 
protective performance of the fabrics,” (Torvi & Hadjisophocleous, 2000).  This finding 
illustrates that while a specific garment may pass in some areas, a fail in any one area 
could lead to serious harm.  It is a constant balancing act between fulfilling a safety 
requirement in one area and failing a safety requirement in another.  
 Another difficulty in using research to determine the useful life of protective 
clothing is the majority of  tests are destructive, meaning the gear that is destroyed during 
study and cannot be put back into service after testing.  This automatically results in the 
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retirement of the garment, regardless of the results of the testing, causing heavier 
economic burdens for those departments donating the gear and/or those trying to conduct 
the research (Torvi & Hadjisophocleous, 2000).  A second option is a non destructive test 
technique which is defined as a type of examination in which the quality of a specimen 
for further operation is assessed without affecting its future performance (Rezazadeh & 
Torvi, 2011). Non destructive test methods should be evaluated for their ability to predict 
necessary retirement.  This would allow the firefighter or a third party to conduct these 
tests in order to determine if the gear is safe.  Consequently, the unnecessary retirement 
of gear would be prevented once it is tested for safety. 
 The fire service has expressed a need for information that will help them 
determine when to retire individual pieces of protective clothing as well as help them to 
plan their protective clothing budgets (Torvi & Hadjisophocleous, 2000). Methods of 
estimating the remaining useful life of turnout gear will help departments plan the 
gradual replacement of their gear and provide justification for their budget expenditures 
(Torvi & Hadjisophocleous, 2000).  Torvi suggests criteria should be developed through 
laboratory tests, statistical analysis and field studies (Torvi & Hadjisophocleous, 2000).  
Post-Use Evaluation and Functional Design 
 Functional clothing can be defined as clothing that protects the body, increases 
health and safety, improves a worker’s job efficiency, or increases body function 
(Watkins, 1984).  The firefighter’s protective ensemble is an example of functional 
clothing.  The protective ensemble as a whole is to serve the purpose of providing 
maximum safety at the highest level of comfort and mobility possible. Clothing can be 
thought of as an environment in the sense that it is attached to or supported by the body 
and is portable (Watkins, 1984). 
 In order to ensure that the garments are functional and suitable for use, a post-use 
evaluation may be conducted.  The term post-use can be defined as, “materials collected 
from outside the individual manufacturing industry after it has been used for its primary 
purpose,” (The Green Architect, n.d.). In order to evaluate the functional design and 
durability of firefighter turnout gear, the ensemble was evaluated after its primary 
purpose has been served by the user, or post-use. According to Susan Watkins in her 
book, Clothing the Portable Environment, she defines evaluation as, “taking a critical 
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look at the decisions made in the design process; it may involve numerical ratings based 
on tests with many subjects or simply the informal subjective opinion of the designer,” 
(Watkins, 1984). 
 The functional design process consists of the following six steps (Watkins, 1984): 
1. Define the problem 
2. Explore the design situation 
3. Perceive the problem structure 
4. Describe specifications 
5. Establish design criteria 
6. Develop a prototype 
The post-use evaluation process of turnout gear can be related to the six steps in 
the functional clothing design above. The first step in the process is to define the 
problem. This step would involve breaking down the specific issues and areas in which 
the garment could be improved.  The second step is to explore the design situation in 
which the fit, mobility, comfort, and other design issues contribute to the functioning of 
the garment. This step would include the social and cultural issues associated with pride 
behind the turnout gear.  The problem structure and specifications should be described 
next.  For turnout gear these include the standards and requirements that the garment 
must meet according to organizations within the industry.  The fourth step would include 
the discovery of how these individual specifications interact with one another to impact 
the durability of the garment.  
Established design criteria should then be constructed.  Developing design criteria 
involves the charting, ranking, and weighing of specifications to set priorities and 
discover the interactions that occur among specifications (Watkins, 1984). The outcome 
of this stage in the design process is a list of specifications ranked in order of priority, 
ready for prototype development (Watkins, 1984). The objective of the design process is 
to establish whether the turnout gear meets all of the specifications set forth and to test 
those measurable specifications. 
Non-Destructive Testing versus Destructive Testing 
 A major difficulty in determining the useful life of firefighter turnout gear is the 
proposed test methods employed to evaluate the gear.  Unfortunately, the majority of 
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performance tests are destructive, which results in the automatic retirement of the 
garment regardless of the results of the testing (Torvi & Hadjisophocleous, 2000). 
Destructive testing involves the destruction of the test material through such methods as 
cutting, breaking, separating and burning. It is nearly impossible to  measure the 
performance of in-use firefighters’ protective clothing without destroying it (Rezazadeh 
& Torvi, 2011). Therefore, performance testing may only be appropriate in the case 
where a representative garment is tested in order to provide information as a basis for 
deciding whether or not to retire a large number of similar garments (Torvi & 
Hadjisophocleous, 2000).  This study assumes all gear was exposed to the same 
circumstances which contradicts real world use that changes from department, to 
firefighter, to run. Each run is unique and even at a specific event the individual 
firefighters will have different tasks. 
A non-destructive test technique is a type of examination involving the 
assessment of the quality of a specimen for further operation, without affecting its future 
performance (Rezazadeh & Torvi, 2011). Non-destructive test techniques allow the 
evaluation of in-use firefighter gear in order for the firefighter and department to 
determine the remaining useful life. The development of non-destructive test techniques 
and their ability to predict the useful life of protective clothing should be evaluated.  If 
these methods prove reliable, they would provide the fire service with a more affordable 
way to ensure garment protection and increase fire safety. 
Previous Research on Post-Use Evaluation of Turnout Gear 
 In 1996, Vogelpohl completed a study titled “Post-Use Evaluation of Fire 
Fighter’s Turnout Coats.”  The purpose of this research was to evaluate the design and 
performance requirements of the NFPA 1971 standard by assessing used turnout coats 
according to test methods described within the 1971 standard (Vogelpohl, 1996).  This 
study evaluated 20 turnout coats from metropolitan fire departments and evaluated them 
for water absorption resistance and permeability, tensile and seam breaking strength, tear 
resistance, thermal protective performance, flame resistance, thickness and 
retroreflectivity. Six of the coats from this study were in use for five or more years; it is 
not specified if any of these six had been retired prior to evaluation.  
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 Vogelpohl’s 1996 study found that eight of the nineteen coats tested for water 
absorption resistance failed the minimum requirement.  Only five of the coats passed the 
coefficient retroreflectivity test completed at 3M on the most damaged areas of the 
reflective trim.  The majority of the moisture barriers used in the study failed to meet the 
minimum specifications for the high pressure water penetration resistance test 
(Vogelpohl, 1996). 
 This study found that all fabric layers passed the heat, char, and ignition test and 
therefore, age or type of use did not affect the fabric’s flame resistance capabilities.  The 
statistical analysis also showed that the age and type of use the coats were subjected to 
did not have an adverse affect on the sewn seam breaking strength results.  The majority 
of the trim samples tested did not come close to meeting the minimum requirements for 
retroreflectivity as specified in NFPA 1971.  However, the trim tested in this study was 
only the most damaged areas and no whole garment testing was performed.  Vogelpohl 
also found that abrasive surfaces damaged the outer shell fabric and continual abrasion 
would lead to yarn breakage and holes in the fabric (Vogelpohl, 1996).  
 Overall, the study found that the used turnout coats maintained their thermal, heat, 
and flame resistance properties.  This is believed to be due to the inherently flame and 
heat resistant fibers that were used to construct the fabrics (Nomex®, Kevlar®, and 
PBI®). A decrease in water resistance was found in the moisture barrier fabrics, and an 
overall decrease in water penetration resistance was observed.  Recommendations for 
future studies included laundry evaluations to determine the wear and tear of cleaning 
and water resistance properties of used turnout gear. The Vogelpohl study was completed 
before the issuance of NFPA 1851 which established inspection and testing criteria for 
used garments. 
 In 2009, Cotterill completed a second study involving used turnout gear titled, 
“Post Use Analysis of Firefighter Turnout Gear.”  As previously stated, this study is 
currently known as “Phase I” of the Firefighter Durability Study at the University of 
Kentucky.  The purpose of this research was to conduct a post use evaluation of structural 
fire fighting turnout gear that had been used for 2-3 years, 5-7 years and 9-10 years 
and/or retired from medium and large, career fire stations.  The turnout gear was 
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evaluated according to NFPA 1851 standard inspection protocol and NFPA 1971 test 
procedures (Cotterill, 2009). 
 In her study, sixty seven garments were evaluated according to the following 
procedures and tests: advanced visual inspection, closure system functionality, light 
evaluation, leakage evaluation, flashlight test, manikin test (four retired garments 
excluded from 67 garments), thermal protective performance, total heat loss, flame 
resistance, tear resistance, sewn seam strength, water penetration barrier evaluation, and 
retroreflectivity and fluorescence (Cotterill, 2009). 
 Cotterill found that 100% of the garments passed the flashlight test and that it 
effectively allows the firefighter to evaluate trim reflectance on their turnout gear 
according to NFPA 1851.  The leakage test, which is typically performed by trained 
personnel within the fire department, indicated that 32.84% of moisture barriers failed 
while the water penetration test showed that in fact, 65.67% of the barriers failed.  This 
difference in results between the two tests indicates that the leakage evaluation (cup test) 
is not representative of the water penetration laboratory test (Cotterill, 2009).   
 Overall, the thermal protective performance, total heat loss, flammability and tear 
strength confirmed the recommended 10 year wear life of a garment.  The seam strength 
and water penetration results, however, did not confirm the recommended 10 year wear 
life as specified by NFPA 1851. Further recommendations for study included one in 
which the details of the garment (number of fires, types of fires, care and storage) would 
be disclosed to the researcher in order to have a clearer understanding of the garments. A 
recommendation was also made to conduct a study involving smaller, volunteer fire 
departments (Cotterill, 2009). 
 A study that combined the large, career fire department data from Phase I and 
garments from smaller, volunteer fire departments was conducted in 2011 by Trenkamp.  
Trenkamp evaluated 76 garments in “Phase II” of the Firefighter Durability Study 
conducted at the University of Kentucky.  The purpose of this study was to perform a 
post-use evaluation on firefighter turnout gear and to understand how the care and use by 
firefighters impacts the performance, durability, and wear life of turnout gear components 
(Trenkamp, 2011). 
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Phase II also included flat fabric testing in order to correlate wash cycles with the 
performance of turnout gear.   These fabrics were washed according to the advanced 
cleaning procedure in NFPA 1851. A questionnaire was administered which requested 
information regarding the use, care, and maintenance of the garments in the study.  In 
total, 65 questionnaires were collected (Trenkamp, 2011). 
 The garments in Trenkamp’s study were evaluated according to the following 
procedures: visual inspection, closure system functionality, light evaluation, flashlight 
test, thermal protective performance, total heat loss, thickness, flammability, leakage 
evaluation, tear resistance, seam breaking strength, breaking strength, water penetration 
barrier evaluation, and retroreflectivity and fluorescence test.  Trenkamp found a high 
failure rate of 65.73% for the water penetration barrier evaluation with 64.71% of the 
garments that failed being less than four years from manufacture date (Trenkamp, 2011). 
In her study, Trenkamp reinforced that the flashlight test is both an appropriate 
and effective field test for firefighters to use for inspecting the trim on their garments.   
She concluded that the results of the visual inspection were predictive of the test results 
for total heat loss and seam breaking strength but were not predictive for the water 
penetration barrier evaluation. It was concluded that the three year liner inspection 
mandated in NFPA 1851, was not supported by the testing with 18.87% of garments less 
than four years of age demonstrating leakage (Trenkamp, 2011). 
Overall, the results of the TPP, THL, and flammability testing supported the 
recommended 10 year wear life; however, tear resistance, breaking strength, seam 
strength, and hydrostatic testing did not support the 10-year retirement. 
Recommendations for future studies included an evaluation of the liner inspection 
mandated by NFPA 1851 and the evaluation of both retired and non retired status gear 
(Trenkamp, 2011).  
Summary 
 Within the firefighter's environment, high heat flux temperatures, the types of heat 
transfer, steam, and smoke inhalation all pose serious threats to the firefighter. Even in 
rooms that are not on fire, the temperature can reach over 300 degrees Fahrenheit which 
is hot enough to melt plastic and cause fatality to those in the room not wearing PPE 
(American Red Cross, n.d.). The firefighter's protective ensemble should provide the 
29 
 
maximum amount of safety possible against these hazards. When properly maintained, 
turnout gear should shield the wearer from heat, moisture and common household 
chemicals (Zender, 2008).  The protective ensemble should be properly cared for and 
maintained to ensure that it does not compromise the firefighter's safety.  While 
providing the first line of defense, the gear should be comfortable and provide the wearer 
with mobility to do the job. 
 The protective ensemble consists of a three layer composite.  This composite 
includes a fire resistant outer shell, an inner moisture barrier layer, and a thermal liner 
that is in closest contact to the wearer's skin.  All three layers should function together to 
protect the firefighter from heat, flame and steam. For the purpose of this study, common 
fabrics for the construction of the outer shell which utilize Nomex®, Kevlar®, and PBI® 
fibers were studied. The moisture barrier is made up of a permeable film barrier 
laminated to a woven or nonwoven substrate material. The role of the moisture barrier is 
to prevent the penetration of liquids to the inner liner of the garment. The thermal liner 
provides the bulk of the insulation and is often composed of aramid fiber batts or non-
wovens. Together, these three components function as one to provide protection against 
injury and fatality. 
 NFPA standards were developed by volunteers and trained individuals within the 
fire industry to provide safety standards for firefighters (Trenkamp, 2011). NFPA 1971, 
2013 edition, Standard on Protective Ensembles for Structural Fire Fighting and 
Proximity Fire Fighting specifies the minimum design, testing, performance, and 
certification requirements for both structural and proximity fire fighting ensembles and 
ensemble elements. NFPA 1851, 2008 edition, Standard on Selection, Care and 
Maintenance of Protective Ensembles for Structural Fire Fighting and Proximity Fire 
Fighting was written to help the fire department and end-users select, clean, inspect, and 
repair their structural fire fighting protective ensembles and ensemble elements. The 
protective ensemble can be defined as the coats, pants, coveralls, helmets, hoods, gloves, 
footwear and interface components (W. L. Gore & Associates, 2012b). This standard is to 
be used as a companion to NFPA 1971.  
 NFPA 1851 requires that fire fighting turnout gear be retired no more than 10 
years from its date of manufacture (National Fire Protection Association, 2007a). Phase I 
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of the Firefighter Durability Study completed by Cotterill (2009) at the University of 
Kentucky concluded that the 10-year wear life was satisfactory, with the possible 
exception of the moisture barrier for water penetration and seam strength of the outer 
shell.  This was based upon the 67 garments that were evaluated in Phase I (Trenkamp, 
2011). Phase II of the study completed by Trenkamp (2011) concluded that the 10 year 
wear life was supported by the TPP, THL, and flammability tests, but was not supported 
based upon the tear resistance, breaking strength, seam strength, or moisture barrier 
results (Trenkamp, 2011). These results were based upon the 76 garments tested in Phase 
II combined with results from Phase I. 
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Chapter Three 
Methodology 
 The purpose of this research was to perform a post-use evaluation of firefighter 
turnout gear that was 10 years or older from their manufacture date to understand how the 
care and use by firefighters impacts the performance, durability, and wear life of turnout 
gear components. This research evaluated 108 outer shell garments and 91 liner systems 
(moisture barrier and thermal liner) from three different fire departments. Garments were 
divided into three age categories (10-12 years, 13-17 years, and 18-21 years from 
manufacture date).  All garments within the study were retired from use prior to being 
donated. This retirement before donation was due either to the NFPA 1851 ten year 
retirement mandate or to physical appearance and soiling.  Garments were tested 
according to NFPA 1851, 2008 edition and NFPA 1971, 2007 edition standards. 
Evaluations in Phase III of the Firefighter Durability Study at the University of Kentucky 
consisted of non destructive and destructive test methods. These methods included an 
advanced visual inspection (closure system functionality, flashlight test, light evaluation, 
and leakage evaluation) water penetration barrier evaluation, retroreflectivity and 
fluorescence, TPP, thickness, seam breaking strength, tear resistance, breaking strength 
and flammability. A questionnaire was completed by the researcher for the three fire 
departments that contributed to the garments in this study. The researcher completed 
questionnaire provided the history, approximate type and number of uses, care 
procedures, storage settings, and retirement procedures for the turnout gear from the 
respective department. The overall goal of this research was to evaluate the functionality 
and wear life of retired firefighter gear that was at least 10 years from manufacture. 
Research Design 
 The data obtained through this research was quantitative through the use of a 
quasi-experimental research design. One hundred and eight outer shell garments, 91 liner 
systems, and a researcher completed questionnaire were used to collect data for Phase III 
of the Firefighter Durability Study at the University of Kentucky. Forty garments, in poor 
and extremely poor condition, as specified by the Advanced Visual Inspection, were 
chosen by the researcher to be tested using destructive test methods. Turnout gear was 
evaluated using the functional clothing design process outlined by Watkins (1984) in her 
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book, Clothing the Portable Environment. Although this process was originally used for 
interior design and building materials, the six steps of functional design theoretical 
framework were applied to the research of post-use performance clothing. 
Sample 
 The garments evaluated in Phase III were obtained from career fire departments 
that were willing to donate their already used and retired firefighter turnout gear. The 
collected gear was a convenience sample that was not randomized. The sample size of 
retired turnout gear collected in Phase III totaled 108 garments.  Due to proprietary 
(materials specific to one manufacturer) liner systems, only 91 liner systems were 
evaluated out of the 108 garments. Forty garments (26 coats and 14 pants) in the worst 
condition as specified by the Advanced Visual Inspection, were chosen by the researcher 
to use in destructive testing (TPP, flammability, seam breaking strength, tear resistance, 
breaking strength, and thickness). The outer shell materials in Phase III consisted of 
Nomex®, Kevlar®, and PBI® fibers.  Moisture barriers evaluated included Aquatech®, 
Crosstech®, and Goretex®.  The Crosstech® and GoreTex® materials are PTFE  film 
based barriers while the Aquatech® is based on a polyurethane film.  Thermal liners 
studied in Phase III were composed of aramid fibers including TenCate Caldura® SL 
Quilt. Different combinations of outer shells, moisture barriers, and thermal liners were 
chosen in order to provide as representative of a sample as possible.  These materials tend 
to be commonly found in the fire service.  Due to the older age of many of the garments, 
there are some materials no longer used in the fire service. The garments were obtained 
from different regions of the United States in order to obtain a broad sample that was as 
representative of the population as possible.  
The gear collected by manufacturers in Phase III (108 garments) was sent to the 
University of Kentucky to begin the inspection and testing process.  All 108 garments 
obtained in Phase III were retired prior to their donation. 33 selected outer shell garments 
were sent in two shipments to 3M for retroreflectivity and fluorescence testing. After 
receiving the donated garments, all 108 outer shells and 91 liner systems that were not 
deemed proprietary by the committee were visually inspected and photographed for 
degradation and damage such as rips, tears, holes, broken stitches and soiling. With 
exception of TPP samples, all samples cut for testing were conditioned for a minimum of 
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24 hours at 70° ± 5° Fahrenheit and at a relative humidity (RH) of 65% ± 5% following 
NFA 1971, 2007 edition, section 8.1.3 (National Fire Protection Association, 2006a) 
Procedures 
 The procedures used for this research were a visual inspection and laboratory 
testing completed according to NFPA 1851, 2008 edition and NFPA 1971, 2007 edition 
industry standards. All results of testing were compared to the performance requirements 
as outlined in these standards. 
 In Phase I of the Firefighter Durability Study, Cotterill (2009) tested 67 samples 
for TPP, THL, seam breaking strength, tear resistance, breaking strength, flammability, 
and water penetration. Cotterill (2009) also completed visual inspections, flashlight test, 
light evaluation, and leakage evaluation. 
 Trenkamp (2011) tested 76 garments for TPP, THL, seam breaking strength, tear 
resistance, breaking strength, flammability, water penetration and thickness.  Trenkamp 
(2011) also completed a visual inspection, flashlight test, light evaluation and leakage 
evaluation. Photos were taken for proof of a visual inspection and new flat fabric was 
tested according to the advanced cleaning procedure.  After cleaning, the flat fabric was 
tested for THL, TPP, and thickness. A questionnaire was administered to obtain a better 
understanding of the care and maintenance history of the 76 garments in Phase II.  Data 
collected from Phase I was combined with the data from Phase II and analyzed for a total 
of 143 garments.  
 Phase III. 
 In order to evaluate the mandated 10 year wear life in NFPA 1851, 108 outer shell 
garments in Phase III of the Firefighter Durability Study underwent an advanced visual 
inspection, photographs, closure system functionality test, flashlight test, and 
retroreflectivity and fluorescence test.  The 91 liner systems were evaluated through an 
advanced visual inspection, photographs, closure system functionality test, light 
evaluation, leakage evaluation, and water penetration barrier evaluation. 40 garments (26 
coats and 14 pants) were chosen and evaluated for destructive testing (TPP, flammability, 
seam breaking strength, tear resistance, breaking strength, and thickness). All tests were 
performed using test methods according to NFPA 1851, 2008 edition or NFPA 1971, 
2007 edition. 
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Questionnaire. 
 A 13 question, researcher completed questionnaire was collected from those fire 
departments who donated the retired gear for Phase III.  The purpose of the questionnaire 
was to document the care and maintenance procedures used, as well as the history of the 
garments donated, such as approximate number and types of use. The researcher 
requested information regarding the records for each department donating gear to the 
study and completed the questionnaire based upon each department’s protocol for care, 
maintenance, use, and retirement. 
Testing Procedures 
            All testing was conducted according to the requirements laid out by the NFPA 
standards 1851, 2008 edition and 1971, 2007 edition.  The test methods, procedures 
followed, and testing apparatus used were as follows: 
 Visual Inspection. The advanced visual inspection included a thorough 
examination of all three layers of the protective ensemble composite for soiling, rips, 
tears, cuts, abrasions, discoloration, thermal damage, broken or missing stitches, loss of 
material integrity, loss of wristlet elasticity, reflective trim integrity, label legibility, liner 
attachment systems, and compatibility between the size of the outer shell and inner liner 
as specified in section 6.3.5.1 of NFPA 1851, 2008 Edition (National Fire Protection 
Association, 2007a). The visual inspection provided an overall condition for each 
composite layer of the 108 garments in Phase III by evaluating the soiling, cleanliness, 
discoloration, and damage present on the garment. Any discoloration of the materials 
may indicate possible damage including dye loss, heat degradation, UV damage, and 
chemical contamination (National Fire Protection Association, 2007a). Photographs were 
taken and individual damage was documented on the front, back, and inside of the 
garments and labels. 
 Evaluation of Closure System Functionality. During the advanced visual 
inspection, the functionality of each closure system on the gear was evaluated according 
to the advanced inspection process in NFPA 1851, 2008 edition, section 6.3.5.1.  The 
closures inspected on all fire fighting turnout gear include the hooks, loops and zippers. 
After opening and closing the closure systems as if they would be by a firefighter 
wearing the garment, the specimens were given a pass or fail result. Garments were only 
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given a "fail" result if the closure systems were not functional (missing hardware, or 
came loose or unattached on their own). Corrosion on the closure systems were noted, but 
was not considered a "failure."  
 Light Evaluation. The 91 liner systems were evaluated according to NFPA 1851, 
2008 edition, section 12.1. Specified areas of the 91 thermal liner coats and pants were 
tested. The front and back panels, upper back panel, shoulders and underarms underwent 
evaluation for the coats.  The pants were evaluated on the front and back panels, seat area 
and crotch area. The apparatus that was used to perform the light evaluation is a Smart 
Light 5000.  This apparatus was chosen because it meets the criteria in section 12.1.3 
which requires a light source that does not produce enough heat to damage the liner 
composite. In order to conduct the light evaluation, the liner composite was separated 
from the shell and positioned so that the thermal liner is on the outside, according to 
section 12.1.4.2.  The light source should then be positioned such that the light passes 
through the moisture barrier and then the thermal barrier (National Fire Protection 
Association, 2007a). The liner system should be evaluated according to the amount of 
light coming through the thermal liner. Brighter areas were noted as an indication of 
insulating material shifting or migrating, resulting in a thin or bare spot.  The thermal 
liner was given a "pass" or "fail" according to the researcher's view of the amount of light 
passing through the thermal liner.   
 Flashlight Test. A flashlight test was conducted according to NFPA 1851, 2008 
edition, section A.6.3.5.1(9). Visibility markings can appear to the human eye to be 
undamaged when in actuality they have lost much of their ability to reflect light (National 
Fire Protection Association, 2007a).  The retroreflectivity properties of the outer shell 
were checked on 108 outer shell garments in Phase III. The retired garment trim was 
compared to new trim by the researcher who stood 12 meters (40 feet) from the sample.  
A bright, focused flashlight held at eye level was used in a dark room with no outside 
light interference to evaluate the reflectivity of the sample. The brightness of the garment 
trim was compared to that of the new trim. If the reflected light from the trim being tested 
is significantly less than the light reflected from the new trim, it was given a "fail." As 
noted in NFPA 1851, this test provides a practical evaluation of trim performance, but it 
does not evaluate trim fluorescence or mean that the trim will provide adequate fire 
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fighter visibility (National Fire Protection Association, 2007a). Trim can lose its 
fluorescence (daytime visibility) and still maintain its retroreflectivity. It can also appear 
to be retroflective and not have sufficient intensity for nighttime visibility at far distances.  
Only testing under laboratory conditions can provide an accurate determination of trim 
visibility (National Fire Protection Association, 2007a).  
 Leakage Evaluation. A leakage evaluation (cup test) was conducted according to 
NFPA 1851, 2008 edition, section 12.2 on all 91 liner systems. This test method applies 
to moisture and thermal barrier liners used in structural and proximity fire fighting 
(National Fire Protection Association, 2007a). NFPA 1851, section 12.2.2.1 requires that 
at a minimum, the front and back panels of the barrier are to be evaluated using three 
different moisture barrier material areas and three different moisture barrier areas with a 
seam (National Fire Protection Association, 2007a).  For this study, the right pass (front 
right panel), left pass (front left panel), shoulder seam, and underarm seam were tested 
for coats. The right seat, left knee, seat seam, and crotch seam areas were evaluated for 
pants. These areas are the same as those tested in both Phases I and Phases II of the 
Firefighter Durability Study. The test method requires that the liner evaluation areas 
should be from high-abrasion areas of the garment elements such as the broadest part of 
the shoulders, back waist area of the coat, knees, crotch area and seat area (National Fire 
Protection Association, 2007a).  When conducting the test, the liner composite should be 
positioned so that the moisture barrier is oriented upward and is contacted with the liquid 
in the evaluation apparatus (National Fire Protection Association, 2007a).  When 
evaluating a seam, the garment should be positioned over the apparatus so that the seam 
divides the specimen into two equal halves according to NFPA 1851, section 12.2.2.3 
(National Fire Protection Association, 2007a). The liner area was cupped above a 
waterproof container, and one cup of an alcohol-tap water solution was poured over the 
liner into the cupped area.  The liner was evaluated after three minutes. The liner was 
determined a “fail” if any liquid passed through the moisture barrier and wetted the 
thermal barrier according to section 12.2.5.2 (National Fire Protection Association, 
2007a). If a liner fails the leakage evaluation test it should be removed from service, 
repaired, or replaced.  
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 Water Penetration Barrier Evaluation. The water penetration barrier evaluation 
test (hydrostatic test) was conducted on all 91 liner systems according to NFPA 1851, 
2008 edition, section 12.3. This test was completed in order to determine the water 
penetration resistance of each moisture barrier. The same areas that were evaluated in the 
leakage evaluation were evaluated under the water penetration barrier evaluation (two 
seam areas and two fabric areas per garment). A Gore low pressure hydrostatic tester 
(LPHT) was used according to ASTM D-5512 Standard Practice for Exposing Plastics to 
a Simulated Compost Environment using an Externally Heated Reactor and NFPA 1851, 
2008 edition, section 12.3.3.1 (National Fire Protection Association, 2007a).  Test 
specimens were loaded into the apparatus so that the side of the barrier that was against 
the outer shell faced the water. The LPHT clamped down and secured a five inch 
diameter of fabric, then applied a constant pressure of one psi to the sample. The sample 
was held in place for 15 seconds and evaluated by two raters. Any water leakage that was 
visible was indicated as a “fail” rating. A fail rating does not indicate whether or not the 
leakage is repairable, as with the leakage evaluation test.  
Retroreflectivity and Fluorescence Tests. The retroreflectivity and fluorescence 
testing was completed by a third-party tester, 3M, using a 3M Retrophotometer RM-2 
with a 0.2 degree observation angle, five degree entrance angle, and a ½” aperture after 
calibration at a testing distance of 50 ft (15.2m). This testing was completed following 
NFPA 1971, 2007 edition, section 8.46 which requires trim to be tested for 
retroreflectivity and fluorescence and have a Coefficient of Retroflection (RA) of not less 
than 100cd/lux/m2(National Fire Protection Association, 2006a).  NFPA 1971 also 
specifies that the trim shall have the color of yellow-green, fluorescent orange-red, or 
fluorescent red (National Fire Protection Association, 2006a). The visibility markings on 
33 garments from Phase III were evaluated in St. Paul, Minnesota, at the 3M 
Occupational Health and Environmental Safety Division Tech Service Laboratory. In 
order to acquire a representative sample of testing from each garment, the coats were 
evaluated in 46 locations and the pants were evaluated in 12 locations (Figure 3.1). 
Results were given in candelas/lux/m2.  
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Figure 3.1. Retroreflectivity Test Locations 
Thermal Protective Performance (TPP) Test. The TPP test was developed by 
DuPont in order to set realistic conditions of an exposure to combined radiant and 
convective heat (DuPont, 2013a). This test measures the time that elapses and the amount 
of heat energy required at which the temperature and energy transferred to the back of the 
fabric reaches a level which would cause a second-degree burn to the wearer (DuPont, 
2013a). The thermal protective performance test was completed according to NFPA 
1971, 2007 edition, section 8.10 and ISO 17492, Clothing for Protection against Heat 
and Flame – Determination of Heat Transmission on Exposure to both Flame and 
Radiant Heat. The exposures required to cause second degree burns to the wearer are 
generally not sufficient enough to degrade the outer shell fabric of the turnout garment 
(Barker, Guerth-Schacher, Grimes, & Hamouda, 2006). This test is significant in 
determining when the outer shell fabric no longer provides the necessary thermal 
protective performance for the wearer.  
In order to perform the test three specimens were cut from each coat chosen for 
destructive testing (26 coats in total). Each specimen was cut in samples sizes of 6 in. x 6 
in. ± ¼ in. that included all three layers of fabric. According to NFPA 1971, section 
8.10.5 procedures, each specimen was exposed to a heat flux of 84 kW/m2, ± 2 kW/m2, 
(2.0 cal/cm2s, ± 0.05 cal/cm2) (National Fire Protection Association, 2006a).  The thermal 
threshold index analysis method was used with calculations made using the heat flux in 
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calories per square centimeter per second and reported as the TPP rating (National Fire 
Protection Association, 2006a). The researcher recorded the TPP time, TPP value and 
pain time. Pass or fail determinations were then made based upon the average TPP value 
of all specimens tested for the respective garment. NFPA 1971 7.1.1 mandates that 
protective garment elements composite of outer shell, moisture, barrier and thermal liner 
shall be tested for thermal insulation and shall have an average TPP of not less than 35.0 
cal/cm2 (National Fire Protection Association, 2006a). 
Thickness. Thickness testing was completed on all TPP samples taken from the 
coats for destructive testing.  Thickness testing was also completed in all of the severely 
visually worn areas of the 40 coats and pants chosen for destructive testing in the study. 
Thickness was tested according to ASTM D 1777-96 (2011) Standard Test Method for 
Thickness of Textile Materials. Each 6 in. x 6 in. TPP sample was tested in five different 
areas (four corners and close to the center) using a Feather Touch Digital Thickness 
Tester. Each coat and pant was tested in visually weak areas (underarms, bottom of coat, 
neck area, crotch, bottom of pant legs, knee area).  The TPP samples and visually worn 
areas were tested as a composite; meaning the thermal liner, moisture barrier, and outer 
shell were evaluated together for thickness as it is worn by the firefighter. Five 
measurements were recorded and averaged from each TPP sample and 3 measurements 
were recorded and averaged from each destructive testing specified garment as a whole. 
Tear Resistance. ASTM D 5587-11 Standard Test Method for Tearing Strength 
of Fabrics by the Trapezoid Procedure was used to evaluate 40 garments chosen for 
destructive testing in this study. The apparatus, located in the University of Kentucky 
Textile Testing Lab, was a 400 lb load cell on an Instron® 33R4465A. BlueHill software 
was used to assist in measuring and recording the five highest peaks of force necessary to 
tear the specimens.  Two outer shell, moisture barrier, and thermal liner samples (one in 
the horizontal direction, one in the vertical direction) from each garment were cut (6 in. x 
3 in.) and marked with an isosceles triangle measuring one inch at the top and four inches 
on the bottom. Garments were taken from the visually poor areas of the garments as 
determined by the researcher. A preliminary cut measuring 15 mm was made at the 
center of one edge of each specimen. The tensile testing machine (Instron®) was used on 
the conditioned specimens to determine the average tear resistance of the fabric. Both the 
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apparatus and the researcher recorded the pounds of force (lbf) required to tear the 
specimens. Garments were given a “pass” or “fail” rating based on the requirements of 
NFPA 1971. Performance requirements in section 7.1.11 state that the garment outer 
shells shall have a tear resistance of not less than 100N (22 lbf) and moisture barriers and 
thermal liners shall have a tear resistance of not less than 22N (5 lbf) (National Fire 
Protection Association, 2006a). 
Seam Breaking Strength. ASTM D 1683-08 Standard Test Method for Failure 
in Sewn Seams of Woven Apparel Fabrics was used to measure the sewn seam strength in 
woven fabrics by applying a force perpendicular to the sewn seams. The seat seam and 
inseam of 14 trousers were cut in the outer shell, moisture barrier and thermal liner 
layers. Specimens sized 8 in. x 4 in. (200 mm x 100 mm) were obtained with the seam 
parallel and centered to the short (4 in.) side of the sample.  The standard test method, 
ASTM D-1683 requires that five test specimens be taken from each garment for testing.  
Due to lack of size, only four specimens were taken from each pair of trousers (two from 
the seat seam, two from the inseam). Coats were not included in seam breaking strength 
testing. All samples were conditioned for a minimum of 24 hours according to NFPA 
1971, section 8.1.3. An Instron® 33R4465 with a 1,000 lb load cell was used to complete 
seam breaking strength testing. The samples were clamped into the apparatus and testing 
ceased once the seam was torn. The force required for seam failure was recorded in lbf 
(pounds of force). Garments were given a “pass” or “fail” rating based on the 
requirements of NFPA 1971. Performance requirements in section 7.1.13.1 state that the 
garment shall have a seam breaking strength of not less than 667 N (150 lbf) for all Major 
A seams (National Fire Protection Association, 2006a). The researcher recorded whether 
the break in the specimen was due to seam failure or fabric failure. Seam breaking 
strength was considered acceptable where the fabric broke before the seam and the seam 
did not fail after continuation of elongation, according to 7.1.13.2 (National Fire 
Protection Association, 2006a). 
Breaking Strength. Breaking strength was performed on all 40 destructive 
testing designated garments in the study.  Specimens were taken from the outer shell 
layer only of both the coats and pants. ASTM D 5034-09, Standard Test Method for 
Breaking Strength and Elongation of Textile Fabrics (Grab Test) recommends five 
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specimens in the warp direction and eight specimens in the fill direction be taken from 
each garment; due to lack of space, only three specimens in the warp direction and three 
specimens in the fill direction were taken from each garment. Samples were taken from 
the most visually poor areas of the garments as determined by the researcher. Specimens 
were conditioned according to NFPA 1971, section 8.1.3. An Instron® 33R4465 using a 
400 lb load cell was used to test all specimens. The pounds of force (lbf) necessary to 
break the fabric was recorded and averaged by garment, total warp, total fill, and overall 
average by the researcher. Garments were given a “pass” or “fail” rating based on the 
requirements of NFPA 1971. Performance requirements in section 7.1.19 state that the 
garment outer shells shall have a breaking strength of not less than 623 N (140 lbf) 
(National Fire Protection Association, 2006a). 
Flammability. ASTM D 6413-08 Standard Test Method for Flame Resistance of 
Textiles (Vertical Test) was used to measure the vertical flame resistance of the protective 
fabric. The procedure determines the flame resistance, after flame, afterglow, and char 
length of materials, products, or assemblies to heat and flame (ASTM, 2008). Forty 
garments designated for destructive testing in this study were tested at the University of 
Kentucky Textile Testing Lab using a Govmark VC-2 automatic standard vertical 
flammability tester and 99% methane gas. The standard test method requires five samples 
from both the lengthwise and widthwise directions. Due to a lack of sample space on the 
garments, one specimen (3” in. x 12” in.) from each layer (outer shell, moisture barrier, 
thermal liner) was taken for testing. All specimens were conditioned according to NFPA 
1971, section 8.1.3. Specimens were tested not more than four minutes after being 
removed from conditioning. Specimens were positioned and clamped in place vertically 
above a controlled flame and exposed for a 12 ± 0.2 second time period. The gas pressure 
was adjusted to 17.2 ±1.7 kPa (2.50 ± 0.25 lbf/in2) for the duration of the test. The flame 
was ignited to a height of approximately 38 mm. The researcher measured the after flame 
time, after glow time (not required by NFPA 1971) and char length following the test. 
Any evidence of dripping or melting was also noted.  
Data Analysis 
 The data analysis method used for Phase III of the Firefighter Durability Study 
was the MiniTab® program. The MiniTab® program assisted in analyzing the statistical 
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data at the end of data collection. Various statistical techniques were employed to 
examine the data collected.  Some techniques used in this study included the chi-square 
test of independence, Fisher’s exact test, one-way ANOVAs, and linear regressions. Tests 
were used to determine dependence and relationships among variables. The results from 
the testing was put into pass or fail categories, with supporting statistical data.  Graphs 
and tables were also used to depict and communicate test results.  
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Chapter Four 
Results and Discussion 
 The purpose of this research was to perform a post-use evaluation on firefighter 
turnout gear that is 10 years or older from their manufacture date using physical testing 
and a researcher completed questionnaire. This study included 108 garments donated by 
fire departments from different regions across the United States. Only 91 liner systems 
were evaluated due to proprietary (branded) garment materials. Non-destructive test 
methods (Advanced Visual Inspection, Flashlight Test, Liner Light Evaluation, Leakage 
Evaluation, and Water Penetration Evaluation) were completed on all 108 outer shell 
garments and 91 liner systems according to NFPA 1851, 2008 edition. Forty garments 
deemed to be in poor or extremely poor condition according to their Advanced Visual 
Inspection rating were chosen for destructive testing (TPP, Thickness, Breaking Strength, 
Seam Breaking Strength, Tear Resistance, and Flammability) according to NFPA 1971, 
2007 edition. Thirty-three garments were chosen for Retoreflectance and Fluorescence 
testing, completed by a third-party testing facility, according to NFPA 1971, 2007 
edition. The purpose of the researcher completed questionnaire was to determine the 
approximate history, number and type of uses, and cleaning procedures followed by the 
departments who had donated the garments.  Questionnaires were completed only for the 
group of garments donated to the study and the answers were given as an approximation 
for all gear donated and used by the department. The goals of this research were to 
develop a better understanding of the use of nondestructive test methods and their 
indication of performance for heavily used (retired) firefighter gear. Destructive test 
methods were used to validate and compare the results from nondestructive test methods. 
 The Advanced Visual Inspection according to NFPA 1851, 2008 edition will be 
discussed in this chapter as well as the performance properties (TPP, tear strength, seam 
strength, breaking strength, flammability, and water penetration) of the garments (108 
outer shell and 91 liner systems). All testing was performed in accordance with NFPA 
1971, 2007 edition, as well as the appropriate ASTM standards, and was completed under 
controlled laboratory settings. 
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Visual Inspection of Turnout Gear 
 The advanced visual inspection of the 108 outer shell garments included an 
overall visual inspection, evaluation of the closure system functionality, a barrier leakage 
evaluation of the moisture barrier, a light evaluation of garment thermal liners, and a 
flashlight test conducted on the reflective trim areas of the outer shell. This inspection 
was completed on 108 outer shell garments and 91 inner liner systems that were at least 
10 years or older from their manufacture date. During the overall visual inspection, the 
label integrity and compatibility, soiling, holes, tears, thermal damage, melting, 
discoloration and functionality were all noted. Results of the visual inspection according 
to the checklist (Appendix E) were recorded (Appendix F). 
 
Figure 4.1 shows the overall evaluation given to each outer shell garment. Most retired 
outer shell garments (77.8%) were classified as being in “poor” or “fair” condition during 
the physical inspection. When inspecting for holes, rips, cuts, and tears, it was noted that 
76.9% of retired outer shells showed damage. The outer shell evaluation is shown in 
Figure 4.1.  
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Figure 4.1. Outer Shell Evaluation Results; n=108 
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The majority of moisture barriers (58.2%) included in the study were in “fair” condition 
after retirement. Eleven out of 91 (12.1%) moisture barrier systems were in “poor” 
condition. Only five moisture barriers (5.5%) were in excellent condition after retirement. 
Of the 74 garments with seal tape, 48 (64.9%) had seam seal tape damage, due to either 
discoloration, heavy soiling, or rips and tears. Of 91 moisture barriers evaluated, 17.6% 
showed presence of cuts, tears, rips, or holes. Figure 4.2 shows the overall condition of 
the 91 moisture barriers. 
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Figure 4.2. Moisture Barrier Evaluation Results; n=91 
 Thermal liner evaluations showed most (40.7%) were in “fair” condition after 
retirement. Twenty-four out of 91 (26.4%) thermal liners were categorized as “poor” 
condition and 27.5% were classified as “good” condition. One thermal liner was in 
“extremely poor” condition as determined by the evaluator. The majority of retired 
thermal liners (71.4%) had missing or broken stitches. Figure 4.3 depicts the overall 
condition of the thermal liners evaluated. 
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Figure 4.3. Thermal Liner Evaluation Results; n=91 
When evaluating label legibility, 13 out of 91(14.29%) liner labels on the 
garments were illegible. When addressing the legibility of outer shell labels, 12 out of 
108 (11.11%) garment labels were not legible. Reasons for label illegibility included 
soiling, or fading of handwritten or printed ink. Figure 4.4 shows the percentage of outer 
shell label legibility. 
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Figure 4.4. Outer Shell Label Legibility; n=108 
Evaluation of Closure System Functionality 
The advanced visual inspection completed according to NFPA 1851, 2008 Edition 
included an evaluation of the functionality of each closure system (zipper, loop, hook, 
and dees) for all 108 garments included in the study. If functioning properly, the closures 
opened and closed without separating on their own, and they were given a “pass” rating. 
A “fail” rating was given if the closures failed to stay attached, or failed to un-attach 
when attempting to open. Rips, frays, deteriorating closures, and corroded fixtures were 
noted in the visual inspection. A dysfunctional closure system puts the firefighter at risk 
of contact with extreme heat or common fluids such as battery acid, fire resistant 
hydraulic fluid, gasoline fuel, and chlorinating chemicals (National Fire Protection 
Association, 2006a). A total of six (5.6%) out of the 108 garments failed the closure 
system functionality testing.  
 Zipper functionality had a 100% pass rate for the 108 retired garments. Half of the 
“fail” ratings given to the six retired garments were due to hook and loop damage and 
half were due to torn and missing hardware (hooks, fasteners, and snaps).  Of the 
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garments that did not have functional closure systems, four were 18 years or older and 
three were between the ages of 10 and 11. 
Light Evaluation 
Each liner system was evaluated for material migration and degradation according 
to NFPA 1851, 2008 edition. All 91 thermal liners were placed over a light source to 
determine any material change (holes, cuts, shifts). The liner light evaluation was 
completed on the upper back, shoulder, underarm, and front and back panels of the coat; 
the crotch, seat, and front and back panels of the pants were evaluated. 
Of the 91 liner systems, 90 showed a change in material texture when subjected to 
the light source. A fail rating of 98.9% was found for retired garments, 10 years or older 
from manufacture date with only one liner system passing. Failure was due to material 
shifting or degradation noted as holes or bright areas in the liner material. It should be 
noted that different liner constructions and materials produce different amounts of light 
and this is a subjective evaluation. It should be noted that 100% of the 26 garments 
sampled for TPP analysis met the minimum 35 cal/cm2 requirements for thermal 
insulation specified in NFPA 1971. Results of the liner light evaluation are shown in 
Figure 4.5. 
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Figure 4.5. Thermal Liner Light Evaluation; n=91 
Flashlight Test 
 The flashlight trim reflectivity test was performed according to NFPA 1851, 2008 
edition. All 108 outer shell garments were evaluated for trim reflectance. This test may be 
performed in the field by a firefighter in order to evaluate the reflectivity of a garment. 
Garments were placed 40 feet from the researcher in a dark room with no outer light 
influence. The trim was observed by the researcher with a flashlight at eye level. The trim 
was rated as a “pass” if it was reflective in comparison to the new trim sample. A “fail” 
rating was given if the trim on the garment was no longer reflecting light. Any area where 
a specific loss of reflectance was exhibited was noted by the researcher. 
 The flashlight trim reflectivity results determined that 100% of the garments 
passed the field evaluation. Five garments had small dark spots in one or more areas due 
to soiling or thermal damage. These garments were still highly visible overall, and 
therefore received a pass rating. 
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Leakage Evaluation (Cup Test) 
 The leakage evaluation (cup test) was conducted according to NFPA 1851, 2008 
edition, Section 12.2, on all 91 liner systems. For this study, the right front panel, left 
front panel, shoulder seam, and underarm seam were tested for coats. The right seat, left 
knee, seat seam, and crotch seam were evaluated for pants. The liner area was cupped 
above a waterproof container and one cup of an alcohol-tap water solution was poured 
over the liner into the cupped area. The liner was evaluated for moisture and leakage after 
three minutes. The moisture barrier is determined a “fail” if any liquid passes through the 
liner and wets the thermal barrier, according to NFPA 1851, Section 12.2.5.2. 
 Of the 91 retired liner systems, 57 (62.6%) passed the “cup test” for leakage 
evaluation. For the pants, 45% failed the leakage evaluation; for the coats, 30.6% failed. 
Figure 4.6 provides a visual summary of the test results for the leakage evaluation. 
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Figure 4.6. Overall Results of the Leakage Evaluation; n=91 
The highest failure area (42.9%) for the pant liners was in the crotch seam. The 
highest failure area for coats was the shoulder seam. All coat liners passed the leakage 
evaluation in the left pass area of the coat. Figure 4.7 provides a visual summary of the 
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test results for leakage evaluation broken down by garment type (pants and coats). The 
majority of the 91 garments that passed the leakage evaluation were coats.  
Leakage Evaluation PassFail
60
50
40
30
20
10
0
C
ou
nt
Pant
Coat
Type
Garment57
3434
15
Leakage Evaluation by Garment Type
 
Figure 4.7. Overall Results of Leakage Evaluation by Garment Type; n=91 
 When broken down by age and years of use from manufacture date, it was shown 
27 of 34 (79.41%) garments that failed the leakage evaluation were between 10 and 12 
years from manufacture date. Six garments (31.58%) that failed to pass the cup testing 
were between 13 years and 21 years from manufacture date. One garment that failed had 
an illegible label and the researcher could not identify its age. It was expected more 
failures would occur in the older moisture barriers, not in the recently retired, younger 
garments. Therefore, the cup testing results support the current wear life mandated by 
NFPA of no more than 10 years. Figure 4.8 shows the results of the leakage evaluation by 
garment age. 
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Figure 4.8. Leakage Evaluation by Garment Age; n=91 
Water Penetration Barrier Evaluation 
 The evaluation of the water penetration barrier was conducted according to NFPA 
1851, 2008 edition, section 12.3. This evaluation method examines the ability of the 
moisture barrier to prevent liquids from penetrating through the garment to the 
firefighter’s skin. Specimens were evaluated for water penetration by holding the water at 
one psi against the moisture barrier for fifteen seconds. The moisture barrier was given a 
“fail” rating if water penetrated the specimen. A “pass” rating was given to those 
moisture barriers that did not show any visible sign of water or leakage. 
 For each moisture barrier, two seam areas and two fabric areas were evaluated. 
The same four locations that were evaluated during the leakage evaluation (cup test) field 
evaluation. Visible leakage in any one of the four locations constituted a “fail” for the 
entire garment. The researcher only evaluated water penetration, not whether or not the 
penetration could be repaired or if it was catastrophic. The location of the water 
penetration was noted by the researcher. When evaluating the seam locations for leakage, 
the researcher noted whether the water penetration was in the actual location of the seam 
or on the surrounding fabric area. The researcher also documented if the water 
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penetration was due to a pinhole failure versus a fabric or seam failure.  A pinhole 
leakage was still given a “fail” rating.  
 Out of the 91 moisture barriers evaluated, 80.2% (73 garments) failed the water 
penetration barrier evaluation. A bar graph (Figure 4.9) was constructed to depict the 
overall results. 
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Figure 4.9. Hydrostatic Test Results; n=91 
  The results of the hydrostatic test showed 57 out of 73 (78.08%) liner systems that 
failed the water penetration barrier evaluation were between 10 and 12 years from 
manufacture date. Six garments (31.58%) that failed were between the ages of 13 and 21 
years from manufacture date. It was not expected that more failures would occur in the 
younger moisture barriers. A higher percentage of moisture barriers between ages 10 and 
12 years failed versus the moisture barriers between ages 13 and 21 years. One garment 
whose age could not be determined failed the hydrostatic testing. All garments were 
evaluated according to NFPA 1971, in the same locations according to garment type 
(pant or coat). According to NFPA 1971, additional locations that may have potential 
damage should be evaluated by the fire department, but were not done for the purposes of 
this study. The high rate of moisture barrier failures (between 10 and 12 years) indicates 
54 
 
the current wear life of no more than 10 years is supported by the water penetration 
barrier evaluation. Figure 4.10 shows the hydrostatic testing results by garment age. 
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Figure 4.10. Hydrostatic Testing by Garment Age; n=91 
 It was necessary to further evaluate the results of the hydrostatic testing to 
determine if performance was dependent upon the age of the gear. To address 
dependence, the Pearson Chi-Square Test of Independence and Fisher’s Exact Test were 
used. Table 4.1 illustrates the hydrostatic test and its dependence on age of the moisture 
barrier garment. A p-value less than 0.05 indicates dependence of the hydrostatic test on 
garment age. Both the Chi-Square test and Fisher’s Test indicated that there is no 
significant association between the age of the garment and pass/fail result of the 
hydrostatic testing. 
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Table 4.1 
Hydrostatic Testing Dependence 
Hydrostatic Testing and Dependence 
Pearson Chi-Square Test 
Fisher's Exact Test 
Number of  
Garments Tested 
Number 
of Fails 
(10-12 
years) 
Number of 
Fails (13-
21 years) 
Number of 
Total 
Passes 
Years of Use – 
Pearson Chi-
Square Test 
Years of 
Use – 
Fisher’s 
Exact Test
88 56 14 18 0.512 0.525 
When evaluating the type of water penetration failure (seam or fabric or both) 
48.6% of failures were due to both fabric area and seam areas combined. For the 
remaining failures, 44.6% were due to seam failures only and just 6.8% were due to 
fabric failures only. Figure 4.11 below illustrates these results. 
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Figure 4.11. Fabric versus Seam Failure in Hydrostatic Testing; n=91 
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Water Penetration vs. Leakage Evaluation 
 In examining the relationship between the water penetration barrier evaluation 
(hydrostatic test) and the leakage evaluation (cup test), it is important that the two tests 
show similar results. Firefighters will perform the cup test as a field evaluation, within 
the department, to determine if the moisture barrier layer is still safe to wear and provides 
adequate protection, it is vital that the leakage evaluation results match with the water 
penetration barrier evaluation. 
 Using the results from the 91 liner systems in this study, an Attribute Agreement 
Analysis was conducted to determine the degree of agreement between the two 
measurement systems of the field test and laboratory test. An evaluation determined 50 of 
the liner systems (55%) agree in results while 41 garments (45%) contradict the results 
between the two tests. Forty samples that passed the cup testing failed the laboratory 
hydrostatic testing. These 40 garments indicate a false pass in the cup testing which 
would lead the firefighter to judge his or her gear as safe for use, when in reality it poses 
a risk to the wearer. The false passes indicate the leakage evaluation results are not 
validated by the hydrostatic testing results. Table 4.2 demonstrates the false fails and 
false passes present in the Attribute Agreement Analysis. 
Table 4.2 
Attribute Agreement Analysis – Cup Testing and Hydrostatic Testing 
 
Hydro Test 
Pass Fail All 
Cup Test 
Pass 
17 40 57 
19% 44% 63% 
Fail 
1 33 34 
1% 36% 37% 
All 
18 73 91 
20% 80% 100% 
 Fleiss’ Kappa was used to assess the agreement. The Kappa statistic represents 
the degree of absolute agreement among ratings; Kappa greater than 0.9 usually indicates 
good agreement. The analysis concluded that the Kappa value represented by agreement 
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in cup testing and hydrostatic testing on the moisture barriers was 0.07, indicating a very 
poor agreement. Table 4.3 reports the results of the Fleiss’ Kappa regarding agreement 
between the water penetration barrier evaluation and leakage evaluation. 
Table 4.3 
Fleiss’ Kappa Agreement between Leakage Evaluation and Hydrostatic Test 
Response 
Agreement 
Kappa SE Kappa Z P (vs. > 0) 
Leakage 
Evaluation 
vs. 
Hydrostatic 
0.070 0.105 0.669 0.252 
Retroreflectivity and Fluorescence Test 
 Retroreflectivity testing was completed according to NFPA 1971, 2007 edition, 
section 8.46.4.1 in addition with ASTM E-809 Standard Practice for Measuring 
Photometric Characteristics of Retroflector. NFPA 1971 sets a minimum reflectance 
requirement of at least 100 RA (coefficient of retroreflectivity) for new materials. Phase 
III materials, however, were between 10 and 21 years from manufacture date. The 
performance requirement used for this analysis is 100 RA. As Sayer and Medford report, 
garments employing higher values of coefficient of retroreflectivity are not significantly 
more conspicuous (Sayer & Mefford, 2004). The reflective materials on turnout gear 
required by NFPA 1971, 2007 edition have been proven to be highly effective (Tuttle, 
Sayer, & Buonarosa, 2009). Differences in trim color have also been proven to be 
insignificant in reflectance with detection differences between fluorescent yellow-green 
and fluorescent red-orange garments having no significant difference (Sayer & 
Buonarosa, 2008). 
 For Phase III of the durability study, 22 coats were evaluated in 46 different 
locations, and 11 pants were tested in 12 locations. In total, the trim on 33 garments was 
evaluated. The results indicate the average RA value for coats was 203 while the average 
RA value for pants was 190. On average, both the coats and pants met the NFPA 1971, 
2007 edition requirement for 100 RA for new materials. When examining the garments 
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individually, six (27.3%) out of 22 coats and two (18.2%) out of 11 pants failed to meet 
the minimum NFPA requirement. Figures 4.12 and 4.13 show the average RA value for 
the coats and pants by age category (10-15 years and 16-20 years). The 10-15 year old 
gear, on average, passed the NFPA requirement for both the coats and pants. The 16-20 
year old gear, on average, failed the NFPA requirement for both coats and pants. 
 
Figure 4.12. Average Coat Coefficient of Retroreflectivity by Age; n=22 
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Figure 4.13. Average Pant Coefficient of Retroreflectivity by Age; n=11 
 Fluorescence test results were measured in accordance with ASTM E1164 
Standard Practice for Obtaining Spectrometric Data for Object-Color Evaluation using a 
HunterLab ColorFlex 45/0 spectrophotometer under a D65 Standard Illuminant with a 
two degree observer, backed up by black glass. The results were reported on a color box 
and cap Y value. As defined in ANSI 107, fluorescent material is “Material that 
instantaneously emits optical radiation within the visible range at wavelengths longer 
than absorbed and for which emission ceases upon removal of the source of irradiation.” 
The fluorescence of the trim enhances the daytime visibility. 
 Small x and small y define the CIE chromaticity of the reflective trim material. 
The boxes in Figure 4.14 define either of the color spaces in which the color of the 
fluorescent portions must fall in order to meet the requirements of NFPA 1971, 2007 
edition, section 8.46.4.2. The yellow box indicates the area in which fluorescence of trim 
should fall for fluorescent lime-yellow trim. The red box indicates the area in which 
fluorescence of trim should fall for fluorescent orange-red trim. Both colors of trim were 
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included in phase three of the study. The majority of the 33 garments for Fluorescence 
did not fall in the specified NFPA requirements for new trim material. 
  
Figure 4.14. Color Box Values of Fluorescence; n=33 
Flashlight Test vs. Retroreflectivity 
Using the results from the 33 garments evaluated for trim retroreflectivity, an 
Attribute Agreement Analysis was conducted to determine the degree of agreement 
between the two measurement systems of the field test and laboratory test. It was 
determined 25 of the garments (75.8%) agree in results while eight garments (24.2%) 
contradict the results between the two tests. Analysis showed eight samples that passed 
the flashlight test, field evaluation, failed the laboratory retroreflectivity testing. These 
eight garments indicate a false pass in the flashlight testing which would lead the 
firefighter to judge his or her garment’s trim as safe for use and reflectance when it poses 
a risk to the wearer. The false passes indicate the flashlight test does not match the 
retroreflection testing in all cases. Table 4.4 demonstrates the false passes present in the 
Attribute Agreement Analysis. 
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Table 4.4 
Attribute Agreement Analysis – Flashlight Testing and Retroreflectivity Testing 
 
Retroreflectivity Test 
Pass Fail All 
Flashlight 
Test 
Pass 
25 8 33 
75.8% 24.2% 100% 
Fail 
0 0 0 
0% 0% 0% 
All 
25 8 33 
75.8% 24.2% 100% 
 Fleiss’ Kappa was used to assess the agreement. The Kappa statistic represents the 
degree of absolute agreement among ratings; Kappa greater than 0.9 usually indicates 
good agreement. The analysis concluded that the Kappa value represented by agreement 
in flashlight testing and retroreflectivity testing on the outer shells was -0.138 indicating a 
poor agreement, worse than if by chance. This indicates the flashlight field evaluation test 
is not a good screening test of laboratory performance for the trim as all garments passed 
the flashlight test, yet eight failed retroreflectivity. Table 4.5 reports the results of the 
Fleiss’ Kappa regarding agreement between the flashlight testing and the retroreflectivity 
testing. 
Table 4.5 
Fleiss’ Kappa Agreement between Flashlight Test and Retroreflectivity Test 
Response Kappa SE Kappa Z P (vs. > 0) 
Flashlight Test 
vs. 
Retroreflection 
-0.138 0.174 -0.792 0.786 
 
Thermal Protective Performance 
Thermal protective performance testing was performed in accordance with NFPA 
1971, 2007 edition, section 8.10 and ISO 17492, Clothing for Protection against Heat 
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and Flame-Determination of Heat Transmission on Exposure to Both Flame and Radiant 
Heat. Three composite samples including the outer shell, moisture barrier, and thermal 
liner were taken from 26 coats used in destructive testing. Samples were taken only from 
the coats due to a lack of continuous material on the pants. Samples were exposed to a 
heat flux of 84 Kw/m2 ± 2 Kw/m2 (2.0 cal/cm2s ± 0.05 cal/cm2). The TPP value, TPP 
time, and pain time were recorded. The minimum requirement for composite materials of 
garments is no less than 35.0 cal/cm2 according to NFPA 1971, section 7.1.1, 2007 
edition (National Fire Protection Association, 2006b). A pass fail rating was given based 
upon the TPP value and the NFPA requirement. Time, fabric failure factor, and pain time 
were not used in the pass/fail rating. These variables are listed in Appendix F, Table 10 
(garments). 
 One hundred percent of the 26 garments exceeded the minimum requirement of 
35 cal/cm2. The lowest TPP value recorded was 38.8 cal/cm2; the highest TPP value 
recorded was 63.1 cal/cm2. The garment with the greatest TPP value was 18 years old; 
the garment with the lowest TPP value was just 10 years old. Of all 78 composites, the 
average TPP value was 45.4 cal/cm2. When examining the relationship between TPP 
value and age of the garment, a fitted line plot was constructed, as shown in Figure 4.15 
below.  
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Figure 4.15. TPP Value and Age of Garment; n=78 
A regression analysis and fitted line plot indicated no significant relationship 
between age of the garment and TPP value (p=0.579). Results of thermal protective 
performance indicate that regardless of age, retirement, or visual inspection, all garments 
exceeded the minimum requirements of NFPA 1971.  
Table 4.6 
Regression Analysis for the Effect of the Age of the Garment on Thermal Protective 
Performance 
Regression Analysis – Age of Garment and Thermal Protective Performance 
 
P-Value for Regression 
 
Garment Age 
0.579 
 
Thickness 
 TPP Thickness. Thickness of the coat composites, 78 samples from 26 coats in 
all, was recorded in five locations from each sample: upper left corner, upper right 
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corner, middle of sample, lower left corner, and lower right corner. Thickness testing was 
completed according to ASTM D1777, Standard Test Method for Thickness of Textile 
Materials. Composite thickness is not specified in NFPA 1971; however it was 
completed in order to provide a better understanding of the potential relationship between 
thickness and TPP. In many parts of the garments, construction and seams make TPP 
analysis difficult while nondestructive thickness measurements require much smaller 
sampling size. 
The relationship between TPP Value and TPP Thickness was evaluated. A 
regression analysis showed a significant interaction (p=0.000) between TPP Value and 
TPP Thickness. As TPP Thickness increases, the TPP value increases also. A Pearson’s 
Correlation Coefficient of 0.66 indicates a moderate relationship between TPP Value and 
TPP Thickness. These findings imply that the thicker the composite of all three materials 
(outer shell, moisture barrier, and thermal liner) the greater thermal protection is provided 
to the firefighter. The fitted line plot on the next page illustrates this positive relationship. 
Table 4.7 
Regression Analysis for the Effect of TPP Thickness on the overall Thermal Protective 
Performance 
Regression Analysis – TPP Thickness and Thermal Protective Performance 
P-Value for Regression 
 
TPP Thickness 
0.000 
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Figure 4.16. TPP Value and TPP Thickness; n=26 
 The point in the upper right hand corner in the fitted line plot above is a high 
leverage point which makes the regression seem more significant than it is in actuality. 
The fitted line plot below excludes this point, showing the influence the point above had 
on the graphical results. Additional data with higher thickness values should be added to 
the next data set in future studies in order to confirm the relationship in the first analysis 
above. 
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Figure 4.17. TPP Value and TPP Thickness; n=24 
 Garment Thickness. Overall garment thickness testing was completed on the 40 
garments chosen for destructive testing in the study, including the 26 coats for TPP plus 
14 trousers. In order to briefly examine the relationship between TPP Value, TPP 
Thickness from the 26 coat samples, and Garment Thickness taken from areas otherwise 
unable to be examined (underarm, shoulder, bottom coat hem for the coats; crotch, lower 
pant leg hem, knee area for the pants).  
 The first relationship examined was between TPP Value and garment thickness 
areas for the coats (TPP testing was not performed on the 14 trousers). There was no 
significant relationship found between TPP Value and the underarm, lower coat hem, or 
shoulder areas. A regression analysis of TPP Thickness versus overall Garment 
Thickness for the coats only, showed a significant relationship (p=0.000). 
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Figure 4.18. Garment Thickness and TPP Value; n=25 
 This analysis shows a positive relationship indicating the more abraded areas of 
the garment (underarms, crotch area, lower hems) do provide similar insulation properties 
as compared to those areas free of seams and heavy wear (back and front area of coat). 
Please see the full garment thickness results for both the coats and the trousers in 
Appendix F. 
Tear Resistance 
 Tear strength testing was completed in accordance with NFPA 1971, 2007 
edition, section 8.12 and ASTM D 5587-08, Standard Test Method for Tearing Strength 
of Fabrics by Trapezoid Procedure. Forty garments, 10 years or older, were tested from 
each layer of the garment including the outer shell, moisture barrier, and thermal liner. 
Two samples were taken from each layer, one in the vertical direction; one in the 
horizontal direction. The pounds of force required to tear the specimen was reported. 
Following NFPA 1971, 2007 edition, a fail rating was given to outer shells if the tear 
strength was less than 100 N (22 lbf). Moisture barriers and thermal liners were given a 
fail rating if the tear strength was less than 22 N (5 lbf). 
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 Outer Shells. Two samples were cut from each outer shell (one in the horizontal 
direction and one in the vertical direction). In order for the garment outer shell to pass, 
both samples had to meet the NFPA performance requirement. For instance, if the 
horizontal direction sample passed the specification but the vertical direction sample 
failed to meet the requirement, the garment would be given a “fail” rating. Out of the 
outer shell garments, 75% (30 out of  40) failed to meet the minimum NFPA 1971 
specification of 22 lbf. The lowest outer shell tore at 7.63 lbf in the vertical direction and 
the highest outer shell tore at 36.59 lbf. Outer shell tear resistance results were further 
broken down by the vertical and horizontal directions of the sample. Results show that 
67.5% of vertical samples failed to meet NFPA requirements, while 55% of horizontal 
samples did not meet NFPA requirements. 
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Figure 4.19. Tear Resistance of Outer Shell Samples; n=30 
 Of the 30 failures, 22 (73.33%) were between 10 and 11 years old. Of the 10 
garments that passed, all were between 10 and 12 years of age. Figure 4.19 shows the 
results of outer shell tear resistance by age. Although this is a small sample size, it 
supports a retirement age of no more than 10 years from manufacture date.  
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Figure 4.20. Tear Strength (Outer Shell) and Garment Age; n=40 
 When examining the relationship between garment age and outer shell tear 
strength, it was determined by a one-way ANOVA to be significant (p=0.025). The 
interval plot in Figure 4.20 illustrates this relationship. The Bonferroni and pool error 
across groups techniques were used when performing all interval plots with more than 
two comparisons in the study. The Bonferroni approach controls for type one error in 
which a false difference could be given. As the garment ages, the tear strength decreases, 
especially for those garments between 18 and 21 years from manufacture date.  
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Figure 4.21. Outer Shell Tear Strength and Garment Age; n=40 
To determine the relationship between tear strength and outer shell material, an 
interval plot was completed. A one-way ANOVA found the Kevlar®/Nomex® fabric has 
significantly (p=0.000) higher tear strength than the PBI/Kevlar® material. For this 
evaluation, one garment was removed due to proprietary material. 
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Figure 4.22. Tear Strength and Outer Shell Material; n=39 
 Moisture Barriers. Of the 40 moisture barriers evaluated for tear resistance in 
Phase III, 100% met the requirements of NFPA 1971, 2007 edition. Section 7.1.12 
mandates that moisture barrier materials have tear resistance strength of not less than 5 
lbf. The moisture barrier with the lowest tear resistance was 8.44 lbf. The moisture 
barrier with the highest tear resistance was 27.81 lbf. The average tear resistance for the 
40 moisture barriers was 15.87 lbf. 
 In order to assess the significance of garment age on tear strength results for 
moisture barrier materials, a one-way ANOVA was performed. It was determined the 
relationship between moisture barrier tear strength and garment age is significant 
(p=0.017). As the interval plot in Figure 4.22 demonstrates, as the moisture barrier ages, 
the tear strength decreases. 
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Figure 4.23. Moisture Barrier Tear Strength and Garment Age; n=40 
 Thermal Liners. Overall, 40 thermal liners were tested in Phase III for tear 
resistance. All thermal liners met the NFPA 1971 minimum requirement of tear strength 
greater than 5 lbf for liner materials. The thermal liners showed tear resistance 
significantly stronger than the NFPA requirement, with a range of tear resistance between 
17.05 lbf and 66.48 lbf. The average tear resistance of the 40 thermal liners was 47.52 
lbf. To see detailed results of raw data, refer to Appendix F. 
 In assessing the relationship between thermal liner age and tear strength, a one-
way ANOVA found it to be significant (p=0.003). An interval plot of thermal liner tear 
strength and age show that as the liner ages, the tear strength decreases. 
73 
 
cannot determine18-2110-12
50
45
40
35
30
25
20
Age
T
ea
r 
St
re
ng
th
95% Bonferroni CI for the Mean
Interval Plot of Tear Strength - Thermal Liner
Figure 4.24. Thermal Liner Tear Strength and Garment Age; n=40 
Sewn Seam Strength 
 Due to a lack of space on the garments, sewn seam strength samples were taken 
from the trousers only. Two samples were cut from the seat seam and two samples were 
cut from the inseam of each pair of pants. Specifically, two samples were cut side to side 
on the seat area, and one inseam sample was taken from the bottom of each pant leg. In 
Phase III, 14 pants in total were tested for sewn seam strength for a total of 28 seat seam 
samples and 28 inseam samples. One garment did not provide enough space in the seat 
area to take two samples from the outer shell, thermal liner, or moisture barrier layers.  A 
second garment did not provide enough space in the seam area for the thermal liner layer. 
These garments are denoted by a “*” on Table F13 (in Appendix F) indicating that the 
value was not available. Seam strength was analyzed with a total of 14 outer shells, 14 
moisture barriers, and 14 thermal liners. 
 Sewn seam strength testing was completed in accordance with NFPA 1971, 2007 
edition, section 8.14 and ASTM D1683, Standard Test Method for Failure in Sewn 
Seams of Woven Apparel Fabrics. A 1,000 lb load cell was used and results were 
recorded and averaged together, as well as by inseam and seat seam results. A pass/fail 
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rating was assigned by following NFPA 1971 requirements. NFPA (National Fire 
Protection Association, 2006) states that “assemblies that contain at least one woven 
material shall demonstrate a sewn seam strength equal to or greater than 667 N (150 lbf) 
for Major A seams, and 334 N (75 lbf) for Major B seams” (p.33). ASTM International 
(ASTM, 2011) classifies a seam failure as “the point at which an external force (1) 
ruptures the sewing thread, (2) ruptures the fabric, (3) causes excessive yarn slippage 
adjacent to the stitches, or (4) causes any combination of these unacceptable conditions” 
(p.1-2). The type of seam failure present was recorded by the researcher in every instance 
of testing.  
          Fabric Yarn Rupture         Sewing Thread Rupture           Yarn Slippage 
 
Figure 4.25. Seam Breaking Strength Evaluations 
 A one-way ANOVA examined the relationships between the material types and 
garment age in relation to seam breaking strength. Table 4.8 provides the p-values 
obtained from the one-way ANOVA; interpretation follows the table. 
Table 4.8  
One-Way ANOVA for Seam Breaking Strength Variables 
One-Way ANOVA for Seam Breaking Strength Variables 
P-Value Age Outer Shell Moisture Barrier Thermal Liner 
Seam Strength 
– Outer Shell 
0.319 0.117   
Seam Strength 
– Moisture 
Barrier 
0.992  0.003  
Seam Strength 
– Thermal 
Liner 
0.007   0.000 
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Outer Shells. Overall, 14 outer shell garments were evaluated for sewn seam 
strength. Only one garment (7.1%) failed to meet the NFPA requirement of seam strength 
greater than 150 lbf for Major A seams. This one garment failed in both the seat seam and 
inseam areas. The one-way ANOVA found that there was no significant relationship 
between seam breaking strength and the age of garment or the outer shell material type. 
Figure 4.25 summarizes the overall failure rate for the outer shells for seam strength. 
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Figure 4.26. Overall Seam Strength Performance of Outer Shells; n=14 
Moisture Barriers. Of the 14 moisture barriers, 100% met the minimum 
requirement set by NFPA 1971 of 75 lbf for Major B seams. The age of the garment and 
moisture barrier material type were two variables to examine when examining seam 
strength. The one-way ANOVA showed moisture barrier seam strength and age was not 
significant, while material type and seam strength were significant (p=0.003). The 
interval plot in Figure 4.26 illustrates the difference in seam strength for the various 
moisture barrier fabric types. 
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Figure. 4.27. Moisture Barrier Seam Strength and Material Type; n=14 
 Thermal Liners. Results for thermal liner seam strength were similar to the seam 
strength of moisture barriers. All 14 thermal liners met the minimum 75 lbf NFPA 
requirement for Major B seam strength. The one-way ANOVA found a significant 
relationship between both the age of the garments (p=0.007) and the material type 
(p=0.000) for seam breaking strength. The majority (13 of 14) of liners were between 10 
and 12 years of age. The one garment between 13 and 17 years had significantly lower 
seam strength. The interval plot below shows the relationship between thermal liner 
material type and seam strength. 
77 
 
NomexCrosstech/NomexAralite
240
230
220
210
200
190
180
170
Thermal Liner
Se
am
 T
L
Interval Plot of Seam TL
95% CI for the Mean
 
Figure 4.28. Thermal Liner Seam Strength and Material Type; n=14 
Breaking Strength 
 Breaking strength testing was conducted in accordance to ASTM D5034, 
Standard Test Method for Breaking Strength and Elongation of Textile Fabrics (Grab 
Test). Six samples were cut from the outer shell component material of forty garments (3 
in the warp direction and 3 in the fill direction). In par with the rest of this study, if one 
sample from the outer shell component did not meet NFPA requirements, the garment 
outer shell was failed as a whole. NFPA 1971, 2007 edition, section 7.1.19 specifies a 
minimum breaking strength of 140 lbf for outer shell material (National Fire Protection 
Association, 2006b). Any outer shell material in which at least one sample broke below 
the minimum 140 lbf was given a “fail” rating. 
 Of the 40 outer shell components evaluated in Phase III, over half, 52.5% (21 
garments) failed to meet the minimum NFPA requirement of 140 lbf. The range of 
breaking strength fell between 46.4 lbf to 335.7 lbf. The average sample broke at 163.0 
lbf. Figure 4.28 below shows the overall failure rate for breaking strength. 
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Figure 4.29. Overall Breaking Strength Results; n=40 
 Garment Age. Age of the garment and performance was an important variable to 
consider when analyzing the appropriateness of the NFPA 1851 10 year mandated 
retirement age. Of the 21 garments that failed breaking strength, 76.19% (16 garments) 
were between 10 and 12 years from manufacture date. The figure below illustrates the 
results of overall breaking strength by garment age. Of the eight garments between 16 
and 21 years old, three (37.5%) passed breaking strength testing. Out of the 19 garments 
which exceeded the 140 lbf minimum, 84.21% (16) were between 10-12 years of age.  
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Figure 4.30. Garment Age and Breaking Strength; n=40 
In the above analysis, breaking strength is viewed as a discrete, pass/fail variable. 
When viewing breaking strength in this manner, little difference is shown between the 
age of the garment and its performance. When analyzed as a continuous variable in the 
paragraph below, breaking strength and garment age do have a significant relationship. It 
is important to note that continuous data provides more information and a clearer picture 
of breaking strength performance.  
A one-way Anova showed the relationship between breaking strength 
performance and garment age was significant (p=0.008). An interval plot was used to 
show the difference between garments in the 10-12 year age category and garments in the 
18-21 year age category. The garments between 18 and 21 years of age, overall, have 
much lower breaking strength values and a much larger range of values. While there is no 
association between age and pass/fail ratings, there is evidence that the average breaking 
strength does decrease with age.  
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Figure 4.31. Breaking Strength and Age Category of Garment; n=32 (10-12); n=5 (18-21) 
Outer Shell. The relationship between outer shell material and breaking strength 
was evaluated. A one-way ANOVA with a p-value of 0.000 indicated a significant 
relationship between the shell material and the breaking strength results. The researcher 
verified assumptions of the ANOVA. The Kevlar®/Nomex® material has a significantly 
higher breaking strength when compared to PBI/Kevlar® material as illustrated in Figure 
4.31. 
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Figure 4.32. Outer Shell Material Breaking Strength 
Flammability 
 Flammability testing was conducted on 40 turnout garments in the third phase of 
the firefighter durability study. One sample was taken from each layer of the garment 
(outer shell, moisture barrier, and thermal liner); for a total of 120 samples evaluated. All 
samples were examined for flame resistance according to ASTM D 6413-08 and NFPA 
1971, 2007 edition, section 8.2, Flame Resistance Test 1 (National Fire Protection 
Association, 2006b). Each sample was exposed to a flame for 12 ± 0.2 seconds. After-
flame, after-glow, and char length were measured and recorded. Any observation of 
melting or dripping (or lack thereof) was noted by the researcher. A pass/fail rating was 
assigned according to the requirements stated in NFPA 1971, 2007 edition, section 7.1.3 
of a char length no greater than 4 inches (100 mm) or an afterflame of more than 2.0 
seconds, and shall not melt or drip (National Fire Protection Association, 2006b). Of all 
120 samples (including outer shell, moisture barrier, and thermal liner materials) tested 
for flame resistance, 23.33% (28 samples) did not pass. See Appendix F for detailed 
information on the raw data obtained from flammability testing. 
82 
 
Outer Shells. All 40 outer shell samples passed flammability testing. No 
afterflames were greater than 2.0 seconds and no char lengths were greater than 4 inches. 
None of the outer shell samples exhibited an afterflame time. The average char length for 
the outer shells was 1 inch. The smallest char length recorded was 0.16 inches; the largest 
char length recorded was 2.5 inches. There was no evidence of melting or dripping 
present on the outer shell samples. 
Moisture Barriers.  All 28 samples that failed (70%) flammability testing were 
moisture barriers. The average afterflame time for the moisture barriers was 2.0258 
seconds. The smallest afterflame time was 0 and the largest after flame time was 21.51 
seconds. The average char length was 4.71 inches. The smallest char length was 1.42 
inches; the largest char length was 6.97 inches. Of the 28 moisture barriers that failed 
flammability testing, 21 failed due to char length alone, two failed due to an afterflame 
greater than 2.0 seconds, and five failed due to both afterflame and char length. Figure 
4.32 below illustrates the overall results of the moisture barriers for flammability testing. 
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Figure 4.33. Overall Moisture Barrier Flammability Performance; n=40 
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Years from manufacture date, or age, was an important variable to consider when 
evaluating the NFPA 1971, 2007 edition, mandated 10 year retirement age. Of the 28 
moisture barriers that failed flame resistance testing, 25 (89.29%) were only between 10 
and 12 years from manufacture date. This supports a retirement age of no greater than 10 
years from manufacture date. A one-way ANOVA was conducted to determine if the 
relationship between garment age and moisture barrier flammability was significant. A p-
value of 0.115 indicates the relationship is not significant. 
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Figure 4.34. Moisture Barrier Flammability and Garment Age; n=40 
Thermal Liners. All 40 thermal liner samples passed flammability testing. No 
afterflames were greater than 2.0 seconds and no char lengths were greater than 4 inches. 
None of the thermal liner samples exhibited an afterflame time. The average char length 
for the outer shells was 1 inch. The shortest char length recorded was 1.20 inches; the 
longestchar length recorded was 2.16 inches. There was no evidence of melting or 
dripping present on the thermal liner samples. 
 
 
84 
 
Questionnaire 
 In order to attempt to define the “use” of the garments evaluated in Phase III, a 
researcher completed questionnaire was fulfilled for each of the three fire departments 
which participated in the study. The researcher requested and collected information from 
each participating department on the care, maintenance, retirement protocol, and use of 
the garments donated to the study. The questionnaire was compiled of 13 questions and 
related to the cleaning and retirement of the turnout evaluated in Phase III of the 
durability study. Information was compiled from fire department protocol on the 
retirement, use, condition, cleaning, inspection, and storage of the turnout gear garments. 
The researcher completed questionnaire is located in Appendix D. In Phase III, three 
questionnaires were answered and analyzed. Each questionnaire applied to a specific set 
of gear in the study. 
 Retirement. All three departments participating in the study retired the garments 
evaluated after more than five years of use. The top three reasons given for retirement of 
garments were age of gear (years from manufacture date), appearance such as physical 
damage, rips, tears, and holes, and the NFPA 1851, 10 year retirement requirement. Other 
reasons listed for retirement were a necessary update in style of the garment and soiling 
appearance of the garment. The NFPA 1851, 10 year retirement requirement was listed as 
a top criterion for every department when deciding to retire the garments. When asked to 
provide information on the physical condition of their garments prior to retirement, all 
garments evaluated in the study were rated as being in “fair” condition. 
 Use. The majority of the gear included in this study was rated as being moderately 
used (6-10 uses) per week. Of the 108 garments included in this study, 40 (37%) were 
used only lightly (1-5 uses) per week. A separate question on the questionnaire collected 
data on the types of activity the gear typically went through. The majority of gear 
(62.96%) went through structural fires (residential, barn, etc.) and rescue (EMT, vehicle 
extraction, etc.) activities only. Industrial fires (factory, chemical, business) were noted 
for 40 garments in the study. 
 Care. When data was collected on the cleaning of the garments, one out of three 
departments responded that the cleaning of their garments was voluntary. Further, the 
same department reported cleaning their gear either in the fire department station or in the 
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fire fighter’s home. All other participants provided information to indicate the cleaning of 
their gear was mandatory and performed by a professional specializing in PPE cleaning. 
 When asked for information on the frequency of cleaning within the department, 
two departments cleaned their gear once every six months, while a separate department 
cleaned theirs three times per year. Further information was gathered regarding the type 
of washer and detergent used when cleaning the turnout gear. The majority of the 
garments were cleaned using a commercial washer, warm water (85°-110°F), and a 
detergent formulated for fire fighter protective gear. One of the departments, whose 
cleaning was noted as voluntary, washed their turnout gear using a consumer front loader, 
cold (tap cold) and/or warm (85°-110°F) water, and liquid consumer detergent (any 
brand).  
 All departments stated that the liner was removed from the outer shell before 
cleaning. However, one department noted that due to home laundering, they cannot 
definitively confirm the washing procedure as it was not performed within the department 
setting at all times. When asked if the garment shell was turned inside out before 
washing, three departments stated no. Only one department turned the liner inside out 
before washing.  
 It was important to evaluate the department’s drying procedures also. According 
to NFPA 1851, section 7.4, garments absent of manufacturer’s drying procedures should 
be either air dried or machine dried. If air dried, garments should be in an area with good 
ventilation and out of the path of direct sunlight. If machine dried, a “no heat” or “air 
dry” option should be used and the temperature shall not exceed 105°F (National Fire 
Protection Association, 2007b). All departments participating in this study followed 
NFPA 1851 protocol by line drying their garments. 
Research Questions 
Research Question #1. Is the NFPA 1851, 2008 edition required 10 year 
retirement validated by the results of the visual inspection and physical testing of the 
study? 
Visual Inspection. Of the outer shell garments evaluated during the Advanced 
Visual Inspection, the majority (77.8%) were in poor or fair condition, validating the 10 
year retirement age specified by NFPA 1851. The majority of liner systems were in fair 
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condition. Extensive holes, thermal damage, soiling, and abrasion was found on the 
majority of the 108 garments. 
Physical Testing. The overall results for the liner light evaluation, water 
penetration barrier evaluation, retroreflectivity and fluorescence, tear resistance, breaking 
strength, and flammability testing supported a retirement age of no more than 10 years, as 
mandated by NFPA 1851, 2008 edition. The majority of 91 liner systems failed the light 
liner evaluation and water penetration barrier evaluation. All garments over 15 years of 
age, on average, failed the retroreflectivity testing. The outer shell of the retired garments 
did not meet the NFAP 1971 minimum specifications for tear strength and breaking 
strength. The majority of moisture barriers for flammability failed to meet the minimum 
requirements for char length and afterflame time. 
Research Question #2. Do the performance properties (liner evaluation, leakage 
evaluation, water penetration barrier evaluation, trim reflectance and fluorescence) of 
retired structural fire fighting turnout gear worn by firefighters meet the requirements of 
NFPA 1851, 2008 edition and NFPA 1971, 2007 edition? 
Light Evaluation. After evaluating 91 liner systems for migration of material and 
holes in the thermal liner layer of the garment, it was determined 98.9% of retired 
garments did not pass. All but one garment failed to meet the NFPA 1851, 2008 edition 
requirements for liner light evaluation. These results confirm a retirement age of no more 
than 10 years as the majority of these garments were just between 10 and 12 years of age. 
Leakage Evaluation. It was determined, after testing 91 liner systems, that 62.6% 
of garments did not show leakage through the moisture barrier and thermal liner layers. 
The highest failure area for the retired garments was in the crotch seam of the trousers. 
The leakage evaluation does not support the 10 year retirement mandated by NFPA 1851; 
the majority of retired garments, between 10 and 21 years of age, passed the leakage 
evaluation. However, the leakage evaluation, or cup test, is a less rigorous, field 
evaluation completed by the firefighter within the department. 
Water Penetration Barrier Evaluation. Ninety-one liner systems were evaluated 
for water penetration; 80.2% of liners showed leakage in the evaluation. These “failures” 
were not classified as repairable or catastrophic. The water penetration barrier evaluation 
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supports a retirement age of no more than 10 years, as specified by NFPA 1851; 78.1% of 
moisture barriers that failed were between just 10 and 12 years of age. 
Trim Retroreflectivity and Fluorescence. In Phase III, 33 garments (22 coats and 
11 pants) were evaluated for retroreflectivity in 46 locations on the coats and 12 locations 
on the pants. Individually, eight garments failed the evaluation. On average, the garments 
between 10 and 15 years from manufacture met the coefficient of reflectance minimum 
requirement of 100 RA and the 16 to 20 year old garments failed to meet this requirement. 
Fluorescence was measured on all 33 garments and the majority did not fall within the 
specified areas for fluorescence according to NFPA 1971 requirements. 
Research Question #2a. Are seams or fabric materials responsible for a loss of 
integrity in moisture barrier penetration failures? 
The majority of failures were due to both fabric and seam failures (48.6%), 
followed by seam only failures (44.6%). Very few garments failed due to fabric alone 
(6.8%). Results indicate the majority of failures can be attributed to seams (93.2%). 
Research Question #2b. Does this study validate similar results between the 
leakage evaluation (field test) and the water penetration barrier evaluation (laboratory 
test) for retired protective ensembles? 
The results of the leakage evaluation and water penetration barrier evaluation 
were not validated by this study. The opposite was shown to be true. An Attribute 
Agreement Analysis (Table 4.1) was completed on the data (91 garments) and with a 
Kappa value of less than 0.40, it was determined that the two tests have very poor 
agreement. 
In order to fail the leakage evaluation (cup test), water must pass gravimetrically 
through both the moisture barrier and thermal liner, while pressurized water must only 
pass through the moisture barrier in the water penetration barrier evaluation to constitute 
a failure. Pinhole leakage should also be noted as a difference between the evaluations. 
This type of leakage is easily detected by the researcher in the water penetration barrier 
evaluation. Although this type of leakage is very miniscule, any water passing through 
the moisture barrier should be rated as a “failure” according to NFPA 1971, 2007 edition. 
This same type of pinhole leakage may not be as easily detected in the leakage evaluation 
testing. 
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Of the 91 garments evaluated for cup testing, 37.4% showed leakage. However, 
the researcher is unable to denote if the leakage occurred in the seam or fabric material 
area of the garment.  While 37.4% did not pass the leakage evaluation, 80.2% of liners 
did not pass the water penetration barrier evaluation testing. The evaluation of hydrostatic 
performance versus age showed there is no significant association between the age of the 
moisture barrier and the pass/fail rating given. 
From the Fleiss’ Kappa test (kappa value of 0.007) and general evaluations, it can 
be concluded that the leakage evaluation and water penetration barrier evaluation do not 
produce the same results. The results of the leakage evaluation were not validated by the 
results of the hydrostatic testing. 
Research Question #2c. Does this study validate similar results between the 
flashlight test (field test) and the trim retroreflectivity and fluorescence test (laboratory 
test) for retired protective ensembles? 
This study did not validate similar results between the flashlight test and 
retroreflectivity and fluorescence test. The flashlight evaluation found that 100% of the 
outer shell garments met the minimum requirements according to NFPA 1851. 
Retroreflectivity results found eight (24%) of the garments for trim reflectance did not 
meet the minimum requirement of 100 RA according to NFPA 1971. The majority of 
garments also failed to meet the fluorescence requirements.  
An Attribute Agreement Analysis (Table 4.3) was performed to determine the 
agreement between the flashlight test and retroreflectivity results. Of the 33 garments 
tested for retroreflectivity, eight were false passes under the flashlight test results. With a 
Kappa value of -0.138, the tests do not have good agreement. In fact, the negative Kappa 
indicates a worse agreement. 
Research Question #3. Do the performance properties (TPP, flammability, tear 
strength, seam strength, and breaking strength) of retired structural fire fighting turnout 
gear worn by firefighters meet the requirements of NFPA 1971, 2007 edition? 
Thermal Protective Performance. All 26 coats (100%) evaluated for thermal 
protective performance met the NFPA performance requirement of 35 cal/cm2. There did 
not appear to a loss of thermal performance with age of the garment, as all garments met 
the minimum requirement according to NFPA 1971. 
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Flammability. Of the 40 outer shell and 40 thermal liner samples for 
flammability, all (100%) met the minimum requirements specified by NFPA 1971. For 
the moisture barrier, 70% of samples did not meet the requirements of NFPA for either 
afterflame, char length, or both. Flammability results indicate a need for a retirement age 
of no more than 10 years due to the moisture barrier component of the turnout garment. 
Tear Strength. It was determined that 75% of outer shells for tear strength failed 
to meet the performance requirement of 22 lbf set by NFPA 1971. Of those samples 
which failed, 73% were between just 10 and 12 years of age, justifying a retirement age 
of no more than 10 years, as mandated by NFPA 1851. All moisture barrier and thermal 
liner samples passed the performance requirement of at least 5 lbf. 
Seam Strength. The NFPA 1971 requirement for sewn seam strength is a 
minimum of 150 lbf for Major A seams and 75 lbf for Major B seams. Only one of 14 
outer shell garments failed to meet the minimum performance requirement. Results 
showed 100% of moisture barriers and thermal liners passed the minimum NFPA 1971 
performance requirement of 75 lbf for Major B seams. The majority of sewn seam 
strength samples met the minimum performance requirement.  
Breaking Strength. Forty outer shell garments from Phase III were tested for 
breaking strength; 52.5% (21 garments) did not meet the minimum NFPA 1971 breaking 
strength requirement of 140 lbf. Even though the majority of garments did not pass, the 
average break was above the minimum at 163 lbf. Of the 21 garments which failed, 76% 
were between just 10 and 12 years of age. The results of the breaking strength testing 
support the mandated NFPA 1851 retirement age of at least 10 years. 
Research Question #3a. Is there a correlation between Thermal Protective 
Performance (TPP) and thickness testing in retired gear, more than 10 years from 
manufacture date? 
A regression analysis (Table 4.6) was completed with a p-value of less than 0.001, 
indicating a significant relationship between TPP value and thickness of the TPP 
samples. It was determined as TPP thickness increases, so does the TPP value. These 
results indicate a positive relationship between thickness and TPP. It can be concluded 
the greater the thickness of the composite materials in a firefighter’s garment, the greater 
his or her protection from thermal heat. 
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Research Question #4. Does the information collected regarding the care, 
maintenance, and retirement of firefighter gear from the firefighter departments reflect 
the requirements of NFPA 1851, 2008 edition? 
The three departments donating gear to this study followed proper protocol for 
retirement according to NFPA 1851, 2008 edition. All garments were stated to have been 
retired no later than 10 years from their manufacture date.  
When evaluating the care procedures of the participating departments, 39 of the 
garments were cleaned voluntarily, in a consumer front load washing machine either in 
the fire station or at the firefighter’s home. The turnout gear was washed in tap cold or 
warm (85°-110°F) water with a liquid consumer brand detergent. It was also stated by all 
three department’s cleaning protocol that the outer shell was not turned inside out during 
cleaning. 
According to NFPA 1851, section 7.1.6, “soiled or contaminated elements shall 
not be brought into the home or washed in home laundries,” (National Fire Protection 
Association, 2007a). An inspection of the gear should be performed after each use and 
routine cleaning should occur if needed. An advanced cleaning should be performed at a 
temperature no greater than 105°F, by a verified Independent Service Provider (ISP) or a 
department trained personnel (National Fire Protection Association, 2007a). All three 
departments followed proper drying procedures according to section 7.4.  
Summary 
 The results of the data analysis and discussion enable conclusions to be drawn in 
chapter five. Answering and discussing research questions in chapter four allows us to 
address the study’s objectives in chapter five. 
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Chapter Five 
Conclusions 
 The purpose of this study was to perform a post-use evaluation on firefighter 
turnout gear that was 10 years or older from their manufacture date in order to understand 
how the care and use by firefighters impacts the performance, durability, and retirement 
age of turnout gear components. Garments were evaluated after retirement and were all 
10 years or older from manufacture date. Garments were split into age categories (10-12 
years, 13-17 years and18-21 years) for the majority of the testing analysis. Used 
firefighter turnout garments were evaluated according to NFPA 1851, 2008 edition, 
standard for inspection protocol and retirement and NFPA 1971, 2007 edition, which 
specifies the test methods and performance properties for TPP, flammability, tear 
strength, breaking strength, seam strength and water penetration testing.  
 All garments (108 outer shells and 91 liner systems) were photographed and put 
through an advanced visual inspection which included an overall condition of the 
garment, a closures system functionality evaluation, a liner light evaluation, flashlight 
trim test and leakage evaluation (cup test). Retroreflectivity and fluorescence testing were 
performed on the trim of 33 outer shells in the study. For destructive testing, 40 garments 
were chosen by the researcher for breaking strength (outer shell only), tear strength, seam 
strength (14 pants), TPP (26 coats), thickness, garment thickness and flammability. Water 
penetration was performed on all 91 liner systems. Overall performance of the garments 
was evaluated by the researcher in order to make recommendations on the current, 
mandated NFPA 10 year retirement age. The research objectives of this study were as 
follows: 
1. To evaluate turnout gear that has been retired, based on the 10 year retirement 
criteria in NFPA 1851 Standard on Selection, Care, and Maintenance of Protective 
Ensembles for Structural Fire Fighting and Proximity Fire Fighting, 2008 edition, for 
coats and trousers according to the methods outlined in NFPA 1851, 2008 edition and 
NFPA 1971, 2007 edition. 
 All turnout garments (108) included in Phase III of the Firefighter Durability 
Study were retired before being donated to the study. An advanced visual inspection was 
performed on all 108 outer shells and 91liner systems. This inspection evaluated the 
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retired turnout gear for overall condition and soiling according to NFPA 1851, 2008 
edition and NFPA 1971, 2007 edition. The majority of retired outer shell garments were 
equally as likely to be in fair or poor condition after 10 to 21 years from manufacture 
date. Most moisture barriers and thermal liners were in fair condition following 
retirement.  
Visual damage was documented such as rips, tears, holes, thermal damage, 
melting, abrasion, broken stitches and soiling. Many retired garments exhibited both shell 
label and liner label illegibility and attachment damage. The label of the garment 
provides the manufacture date, material type and serial number. It is important that the 
label stay legible and attached throughout the useful life of the garment. Trim damage 
was found on the majority of outer shells due to scrapes, rips in stitching and thermal 
exposure. The retired garments included in this study between 10 and 21 years from 
manufacture date were in fair to poor condition overall, supporting the NFPA mandated 
wear life of no more than 10 years. 
2. To evaluate the durability and performance properties (trim evaluation, light 
evaluation of liners, leakage evaluation, and water penetration barrier evaluation) of 
retired fire fighting turnout gear against the requirements of NFPA 1851 Standard on 
Selection, Care and Maintenance of Protective Ensembles for Structural Fire Fighting 
and Proximity Fire Fighting, 2008 edition. 
 Garments were evaluated according to NFPA 1851, 2008 edition as a part of the 
advanced visual inspection for trim reflectance, light liner evaluation, and moisture 
barrier leakage. All garments in the study passed the flashlight test for trim reflectance, a 
field test used by the firefighters to evaluate the performance of their garment’s trim.  
 The liner light evaluation showed 98.9% (90 liners) of thermal liners failed to 
meet the NFPA requirement due to holes in the liner material and/or material migration 
or shifting. Over time, the material can shift and migrate even forming holes, especially 
in high abrasion areas of the garment such as the crotch of the pants and the underarm 
area of the coat. These areas propose an increased risk to the firefighter for liquid 
penetration to the skin. None of the garments failed the TPP test on thermal insulation. 
 To evaluate the leakage protection of the retired moisture barriers, a leakage 
evaluation, or cup test, was performed on the 91 liner systems. The cup test is a field test 
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done within the firefighter department to help firefighters determine if their gear is still 
safe to wear. Of the 91 garments, 40.7% failed and of those that failed, 79.4% were 
between just 10-12 years of age. The leakage evaluation supports the NFPA mandated 
wear life of no more than 10 years. 
 A second type of moisture barrier evaluation was performed. The water 
penetration barrier evaluation, or hydrostatic testing, is a more rigorous, evaluation of 
leakage. The same locations that were tested during the cup test were evaluated during 
the hydrostatic testing. Of the 91 garments, 80.2% failed the water penetration barrier 
evaluation. The Pearson Chi-Square Test of Independence and Fisher’s Exact Test were 
used to investigate dependence on hydrostatic testing and age. The hydrostatic test 
showed no significant relationship with the age of the garment. The water penetration 
barrier evaluation supports the NFPA mandated wear life of no more than 10 years from 
manufacture date. 
2a. To compare seam versus fabric integrity when evaluating water penetration and 
leakage according to NFPA 1971, 2007 edition and NFPA 1851, 2008 edition. 
It cannot necessarily be determined that either the seam or the fabric material 
performed better than the other. The majority of failure was due to both fabric and seam 
failures (48.6%), followed by seam only failures (44.6%). Results indicate the majority of 
failures can be due to seams (93.2%). Very few garments, only six, failed due to fabric 
alone (6.8%). 
2b. To compare the results of the water penetration barrier evaluation with the leakage 
evaluation test as specified in NFPA 1851, 2008 edition. 
 An Attribute Agreement Analysis (Table 4.1) was performed to determine if the 
leakage evaluation and water penetration barrier evaluation showed the same results. The 
leakage evaluation showed only 40.7% of garments showed leakage, while 80.2% of 
liners showed leakage in the water penetration barrier evaluation. When evaluated based 
on the water penetration barrier evaluation, 40 garments showed a false pass in the cup 
test and 1 garment showed a false fail. A Fleiss’ Kappa of 0.9 or greater normally 
suggests good agreement between variables. The Fleiss’ Kappa between the leakage 
evaluation and water penetration barrier evaluation was 0.07, indicating very poor 
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agreement between the results of the two tests. It can be concluded the leakage evaluation 
did not verify the results of the water penetration barrier evaluation. 
2c. To compare the results of the trim retroreflection and fluorescence test to the 
flashlight test as specified in NFPA 1971, 2007 edition and NFPA 1851, 2008 edition. 
 Of the 108 outer shell garments, 33 were tested for retroreflection of the trim. On 
average, the results showed gear between 10 and 15 years from manufacture date met the 
minimum NFPA requirement and gear between 16 and 21 years failed to meet the 
requirement. After the flashlight test and trim retroreflection testing was complete, an 
Attribute Agreement Analysis (Table 4.3) was performed to determine if the two tests 
showed the same results. All 108 garments (100%) in this phase of the study passed the 
flashlight test. Of the 33 garments for retroreflection, eight (24.2%) failed to meet the 
minimum NFPA requirement of 100 RA and were false passes. With a Fleiss’ Kappa of -
0.138 it can be concluded that there is very poor agreement between the flashlight test 
and retroreflection test results. The flashlight test did not verify the results of the 
retroreflection testing.  
3. To evaluate the durability and performance properties (TPP, flammability, tear 
strength, seam strength, and breaking strength) of used fire fighting turnout gear against 
the requirements of NFPA 1971 Standard on Protective Ensembles for Structural Fire 
Fighting and Proximity Fire Fighting, 2007 edition. 
 All garments were tested according to NFPA 1971, 2007 edition and the 
appropriate ASTM standards for TPP, flammability, tear strength, seam strength, and 
breaking strength. The levels for these performance requirements are consistent with 
earlier editions of the standard that the sample garments were manufactured under. Of the 
26 coats for TPP, 100% met the NFPA requirements. Of the 40 garments for 
flammability, all outer shell and thermal liner materials passed. For the moisture barrier 
material, 70% of samples failed to meet the minimum NFPA requirement for char length 
and/or afterflame. A one-way ANOVA showed there was no significance between the 
age of the moisture barrier and its flammability performance. 
 Of the 40 garments for tear strength, all moisture barrier and thermal liners met 
the NFPA requirement, while 75% of outer shells failed. A one-way ANOVA analysis 
showed that the relationship between garment age and tear strength, for all three layers 
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(outer shell, moisture barrier, and thermal liner) is significant. Results show as the 
garment ages, tear strength decreases. The tear strength results support a mandated 
retirement age of no more than 10 years from manufacture date. A significant relationship 
was established between the outer shell material and the tear strength of the garment. The 
Kevlar®/Nomex® outer shell garments had a significantly higher tear strength than the 
PBI®/Kevlar® outer shell garments. 
 Sewn seam strength was evaluated on 40 garments. A significant correlation was 
established between the moisture barrier material type and the sewn seam strength 
performance. All moisture barriers met the NFPA requirement for seam strength. A 
significant relationship was found between the thermal liner material, as well as the age 
of the garment, and seam strength performance. As the thermal liner ages, the sewn seam 
strength decreases. 
 Overall, 52.5% of the 40 garments for breaking strength failed to meet the 
minimum NFPA requirement. A significant correlation between garment age and 
breaking strength was established. As the garment ages, the breaking strength decreases. 
It was also found that the Kevlar®/Nomex® outer shell material had a significantly 
higher breaking strength than that of the PBI®/Kevlar® outer shell samples. 
3a. To examine if there is a correlation between Thermal Protective Performance (TPP) 
and thickness testing in retired gear, more than 10 years from manufacture date. 
 A positive relationship was established between thickness and TPP value. The 
areas evaluated for garment thickness (underarm, shoulder, front hem) were correlated 
with the thickness of the TPP samples (taken from back area of coat). A positive 
relationship between TPP thickness samples and garment thickness areas was found. 
4. To obtain specific use, care and maintenance information of retired firefighter turnout 
gear using a researcher completed questionnaire.  
All three departments which donated the 108 garments to this study completed 
participated in a researcher completed questionnaire in which data was collected on the 
departments protocol for care, use, and maintenance of the turnout gear. All departments 
followed proper protocol for retirement according to NFPA 1851, 2008 edition and all 
garments were stated to have been retired no later than 10 years from their manufacture 
date.  
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Of the three departments, two followed proper mandatory cleaning procedures 
according to NFPA 1851, while one department described their laundering of the gear as 
voluntary and completed at home. The majority of the garments in this study were 
cleaned at least twice per year, if not more. Routine and advanced visual inspections were 
conducted on the gear in accordance with NFPA 1851. Overall, there was limited 
information given by the departments on the care, use, and maintenance of the gear.  
NFPA 1971 Minimum Requirements 
 Overall, on average, the garments ten years or older from manufacture date met 
the minimum NFPA 1971 requirements for TPP, flammability (except moisture barriers), 
and sewn seam strength. The retired garments did not meet the minimum requirements 
for moisture barrier flammability, tear strength, breaking strength and the water 
penetration barrier evaluation. These results support a retirement age of no greater than 
ten years from manufacture. 
Ten Year Wear Life 
 The conclusions of this study are that flammability, tear strength, breaking 
strength, and water penetration barrier evaluation testing support a wear life of no more 
than ten years. Garments ten years or older from manufacture date failed to meet the 
minimum NFPA 1971 requirements for these tests, proving firefighter turnout gear 
should be retired by ten years. The trim retroreflectivity, liner light evaluation, overall 
advanced visual inspection findings, closure system functionality, and label legibility also 
support a retirement age of at least ten years from manufacture date.  
Limitations 
 The small sample size of garments was one limitation of this research study. 
There were many more garments in the 10-12 year age range compared to those that fell 
between 13-21 years from manufacture date. A larger sample size would provide a 
stronger representation of retired garments distributed more evenly between the age 
ranges of the study. The researcher had no control over the accumulation of garments for 
this study. Unfortunately as NFPA 1851 retirement guidelines become more widely 
adopted the availability of garments greater than 10 years old will become less. 
 Another limitation of the study was the limited information on the history of the 
garments regarding their care, use, and maintenance. A greater understanding is needed 
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of each garment’s specific use load, care history, and repairs in order to better analyze 
and draw conclusions from the results of the testing. More thorough records on the 
cleaning, retirement procedures, and storage conditions of the gear would be beneficial. 
Recommendations for Future Research 
 Based upon the results of this research, it is recommended that further analysis be 
completed on correlation between the leakage evaluation test and the water penetration 
barrier evaluation. Results show the two do not correlate. It is important that the field test 
used by firefighters to determine the protection level of their gear is as accurate as 
possible. For the firefighter’s safety, the leakage evaluation cup test should be evaluated 
further as an appropriate field test indicator for performance. 
 A more detailed questionnaire or survey type study is recommended to be 
performed. Information from firefighter departments from regions all across the U.S. 
could provide more insight regarding the cleaning, use, maintenance, inspection, 
retirement, and storage of the firefighter gear. A greater understanding is needed to 
determine how the number and types of uses, the number and type of launderings, and 
repairs affect the performance of the turnout garment. 
 A final recommendation is to conduct a similar study in which firefighter turnout 
gear greater than 10 years from manufacture date, that has never been used or exposed to 
fire fighting conditions, be tested according to NFPA 1851 and NFPA 1971. A 
comparison of degradation between those unused garments and what occurs naturally 
over time would provide greater insight into the performance of the materials and the 
effect fire fighting has on them. 
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Appendix A 
Definition of Terms 
 
Advanced Cleaning – The thorough cleaning of ensembles or elements by washing with 
cleaning agents (National Fire Protection Association, 2007a). 
Body Fluids – Fluids that are produced by the body including, but not limited to, blood, 
semen, mucus, feces, urine, vaginal secretions, breast milk, amniotic fluid, cerebrospinal 
fluid, synovial fluid, and pericardial fluid (National Fire Protection Association, 2007a). 
Char – The formation of brittle residue when a material is exposed to thermal energy 
(National Fire Protection Association, 2007a). 
Cleaning – The act of removing soils and contaminants from ensembles or ensemble 
elements by mechanical, chemical, thermal, or combined processes (National Fire 
Protection Association, 2007a). 
Contamination – The process by which ensembles and ensemble elements are exposed to 
hazardous materials, body fluids, or chemicals, biological agents, and radiological 
particulates (CBRN) terrorism agents (National Fire Protection Association, 2007a). 
Flame Resistant – The property of a material whereby combustion is prevented, 
terminated, or inhibited following the application of a flaming or nonflaming source of 
ignition, with or without subsequent removal of the ignition source (National Fire 
Protection Association, 2007a). 
Functional – The ability of an element or component of an element to continue to be 
utilized for its intended purpose (National Fire Protection Association, 2007a). 
Independent Service Provider (ISP) – An independent third party utilized by an 
organization to perform any one or any combination of advanced inspection, advanced 
cleaning, and repair services (National Fire Protection Association, 2007a). 
Liner System – The moisture barrier and thermal barrier components as used in a garment 
(National Fire Protection Association, 2007a). 
Moisture Barrier – The component of an ensemble element or item that principally 
prevents the transfer of liquids (National Fire Protection Association, 2007a). 
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Outer Shell – The outermost component of an ensemble element or item, not including 
trim, hardware, reinforcing material, pockets, wristlet material, accessories, fittings, or 
suspension systems (National Fire Protection Association, 2007a). 
Particulates – Finely divided solid matter that is dispersed in air (National Fire Protection 
Association, 2007a). 
Retirement – The process of permanently removing an ensemble element from 
emergency operations service in the organization (National Fire Protection Association, 
2007a). 
Retroflection/Retroflective – The reflection of light in which the reflected rays are 
preferentially returned in the direction close to the opposite of the direction of the 
incident rays, with this property being maintained over wide variations of the direction of 
the incident rays (National Fire Protection Association, 2006a). 
Routine Cleaning – The light cleaning of ensembles or ensemble elements performed by 
the end user without taking the ensembles out of service (National Fire Protection 
Association, 2007a). 
Sample – The ensemble, element, component, or composite that is conditioned for testing 
(National Fire Protection Association, 2006a). 
Service Life – The period for which compliant product can be useful before retirement 
(National Fire Protection Association, 2007a). 
Soiling – The accumulation of materials that are not considered hazardous materials, 
body fluids, or CBRN terrorism agents but that could degrade the performance of the 
ensemble or ensemble element (National Fire Protection Association, 2007a). 
Stress Area – Those areas of the garment that are subjected to more wear, including, but 
not limited to, crotches, knees, elbows, and shoulders (National Fire Protection 
Association, 2007a). 
Structural Fire Fighting Protective Ensemble – Multiple elements of compliant protective 
clothing and equipment that when worn together provide protection from some risks, but 
not all risks, of emergency incident operations (National Fire Protection Association, 
2007a). 
Thermal Barrier – The component of an ensemble element or item that principally 
provides thermal protection (National Fire Protection Association, 2007a). 
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Trim – Retroreflective and fluorescent materials attached to the outermost surface of the 
protective ensemble for visibility enhancement (National Fire Protection Association, 
2006a). 
Visibility Markings – Retroreflective and fluorescent conspicuity enhancements.  
Retroreflective enhancements improve nighttime conspicuity, and fluorescent 
enhancements improvement daytime conspicuity (National Fire Protection Association, 
2007a). 
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Appendix B 
Photographs of Garments 
 
 
Figure B1. Damage on Garments 
 
 
 
 
 
 
 
 
 
 
 
106 
 
Appendix C 
Material Trademark Glossary 
 
Aralite™ - a Kevlar® Nomex® batt with spun face cloth used as a thermal liner 
manufactured by TenCate ("TenCate Aralite," 2013). 
Caldura® - a Kevlar®/Nomex® batt with a filament-spun twill facecloth used as a 
thermal liner. Manufactured by Southern Mills/TenCate ("TenCate Caldura," 2013). 
Caldura® SL – a Kevlar®/Nomex® batt with a filament-spun facecloth used as a thermal 
liner. Manufactured by TenCate ("TenCate Caldura," 2013). 
Crosstech® - a PTFE (Teflon®) film laminated fabric used as a moisture barrier 
manufactured by W.L. Gore & Associates (W. L. Gore & Associates, 2013). 
Kevlar® - a high strength para-aramid fiber manufactured by DuPont (DuPont, 2013b). 
Nomex® - a flame-resistant meta-aramid fiber manufactured by DuPont (DuPont, 
2013b). 
Nomex® IIIA – a fabric with a 93/5/2 blend of Nomex®, Kevlar®, and P140 fibers 
manufactured by DuPont (DuPont, 2013b). 
Nomex® E89 – spunlaced non-woven fabric produced from a blend of Nomex® and 
Kevlar® staple fibers. Nomex® E89 is manufactured by DuPont (DuPont, 2013b). 
PBI® – Polybenzimidaxazole fiber manufactured by Celanese (DuPont, 2013b). 
PBI® Matrix™ - a 60/40 Kevlar® PBI fabric blended outer shell (Inc., 2013). 
Scotchlite™ - a reflective material (trim) manufactured by 3M (3M, 2013) 
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Appendix D 
Questionnaire 
 
 
 
 
 
 
Please take a moment to look over this questionnaire regarding the history of the retired 
garment that you donated for research.   
Directions:  Please fill in the circle and/or blank to answer each question below. 
Fire Department ________________________________________________________ 
Gear Serial Number _____________________________________________________  
Date of Manufacture as on the label ______________ 
Outer Shell Fabric   _________________________ 
Moisture Barrier Fabric _______________________   
Thermal Barrier Fabric _______________________________ 
1) Approximately how many years was the garment in use prior to retirement? 
 Less than 5 
 More than 5    
 Retired_____________;  
Why was gear retired?________________________________________         
1A) Please rate the WEEKLY level of use of the garment. 
   Light (1-5 uses)              
   Moderate (6-10 uses)   
   Extreme (11 or more uses) 
 1B) How would you classify the types of activity the gear typically went through? 
   Structural fires (residential, barn, etc.)  
   Industrial fires (factory, chemical, busniesses)  
   Rescue (EMT, vehicle extracation, etc.)   
 All 
FIREFIGHTER TURNOUT GEAR 
DURABILITY RESEARCH 
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2) How would you rate the condition of the garment prior to retirement? 
  Excellent Condition  
 Good Condition            
 Poor Condition 
3) Was the cleaning of the garment    MANDATORY   or   VOLUNTARY?  If 
voluntary, do you have a requirement for cleaning your garments? 
4) How was the garment cleaned? (Please refer to your professional PPE) 
 Professional specializing in PPE cleaning 
 At the station by a trained individual 
 At the station 
 At home 
4A) If the garment was professionally cleaned or cleaned by a trained individual 
was it cleaned this wasy for the entire life of the garment? 
 Yes 
No 
4B) If no, were NFPA 1851 practices ever adopted and was the garment 
professionally cleaned or cleaned by a trained individual? 
 Yes (If Yes, when? ___________________________) 
 No 
5) How often was the garment cleaned? 
 After each use 
 Once a week 
 Once a month 
 Once every 6 months 
 Once a year 
 Other 
6) What type of washer was used when cleaning the garment? 
 Consumer Top Loader 
 Consumer Front Loader 
 Commercial Washer 
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7) When the garment was cleaned was the liner removed from the shell? 
 Yes 
 No 
7A) Were the liner and the shell of the garment cleaned separately? 
 Yes 
 No 
8) When the garment was cleaned was the shell turned inside out? 
 Yes 
 No 
8A) When the garment was cleaned was the liner turned inside out? 
 Yes 
 No 
9) In what water temperature was the garment washed? 
 Cold (tap cold) 
 Warm (85-100°F) 
 Hot (115-125°F) 
 Very Hot (140°F or above) 
10) What type of detergent was used to wash the garment? 
 Detergent formulated for Fire Fighter protective gear 
 Liquid Consumer detergent (any brand) 
 Powder Consumer detergent (any brand) 
 Other - _____________________ 
11) How did you dry your garment after it had been cleaned? 
 Clothes Dryer 
 Flat Dry 
 Line Dry 
*12) Has this garment ever been repaired? 
 Yes 
 No 
*If you answered yes to question 12 then please send any records you have on the repair 
with this questionnaire. 
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13) What criteria was followed when deciding to retire the garments? Select all that 
apply. 
 Style – update and/or upgrade style 
 Age of Gear 
 Appearance – Physical Damage, e.g. rips, tears and/or holes 
 Fit 
 Appearance – Level of Soil 
 NFPA 1851 10 year retirement requirement 
 Other - _______________________ 
 
 
Thank You! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
111 
 
Appendix E 
Inspection Checklist 
 
                      ADVANCED  INSPECTION CHECKLIST  
Coat/Pant Identification: ______________________ 
Date Inspected:_______________________ 
Inspector: ____________________________ 
LABELS YES NO Comments 
Review labels to determine if shell and 
liner are compatible (serial #, date of 
mfr, material components, etc) 
  
 
 
Inspect labels on shell to evaluate    
Inspect labels on shell to determine if 
it is properly attached 
   
Inspect labels on liner to evaluate    
Inspect labels on liner to determine if 
it is properly attached 
   
OUTER SHELL    
1. Cleanliness 
Overall Soiling (if localized, identify)     
2. Physical Damage 
Overall Evaluation    
Thin spots, holes, cuts, abrasions, rips, 
and tears 
   
Thermal damage (charring, burn holes, 
melting, discoloration) – 1” or larger 
   
Examine for missing or broken stitches    
Discoloration    
Changes in material texture     
Changes in material strength    
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Determine if knit wristlet is    
3A. Closure Systems – Outer  (Velcro
Missing or damaged hardware    
Inspect and test for functionality    
Inspect for corrosion and/or damage    
Evaluate proper attachment    
3B. Closure Systems – Inner  (Zipper)  
Missing or damaged hardware    
Inspect and test for functionality    
Inspect for corrosion and/or damage    
Evaluate proper attachment    
3C. Closure Systems – Liner Attachment 
Missing or damaged hardware    
Inspect and test for functionality    
Inspect for corrosion and/or damage    
Evaluate proper attachment    
4. Reflective Trim 
Determine if trim is securely attached 
to garment  
   
Inspect for damage – 1” or larger    
Conduct Flashlight Test at cuff area on 
pants and coats 
   
*Prior to cutting liner perform the light evaluation (see Pg. 3 of Proposal – Testing Grid) 
 
Moisture Barrier   
1. Cleanliness 
Overall Soiling (if localized, identify)  
Outside Only 
   
2. Physical Damage    
Overall Evaluation    
Thin spots, holes, cuts, abrasions, rips, 
and tears 
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Thermal damage (charring, burn holes, 
melting) 
   
Examine seam seal tape damaged    
Discoloration    
Changes in material texture    
Changes in material strength    
Thermal Liner   
1. Cleanliness 
   
Overall Soiling (if localized, identify)     
2. Physical Damage    
Overall Evaluation    
Thin spots, holes, cuts, abrasions, rips, 
and tears 
   
Thermal damage (charring, burn holes, 
melting) 
   
Examine for broken stitches - quilting    
Discoloration    
Changes in material texture    
Changes in material strength    
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Appendix F 
Data Tables 
Table F1 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background Information Label Information Trim 
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3* 144* 2* 1* 2* 3* 2* 1* 1* 1* 1* 1* 1* 2* 1* 
3 145 1 1 2 - - 1 1 1 - - 2 1 1 
3 146 1 1 2 5 2 1 1 1 1 1 1 1 1 
3 147 2 1 2 2 2 1 1 1 2 1 1 2 1 
3 148 2 1 2 - - 1 1 1 - - 1 2 1 
3 149 2 1 2 - - 1 1 1 - - 2 1 1 
3 150 2 1 2 - - 1 1 1 - - 1 1 1 
3 151 2 1 2 2 2 1 1 1 1 1 1 1 1 
3 152 2 1 2 2 2 1 1 1 2 1 1 2 1 
3 153 1 1 2 - - 1 1 1 - - 1 1 1 
3 154 1 1 4 4 4 1 2 2 1 1 1 1 1 
3 155 2 1 2 3 2 1 1 1 2 1 1 1 1 
3 156 2 1 2 2 2 1 1 1 1 1 1 1 1 
3 157 2 1 2 2 2 1 1 1 2 1 1 1 1 
3 158 2 1 2 2 2 1 2 1 1 1 1 2 1 
3 159 2 1 2 2 2 1 2 1 1 1 1 1 1 
3 160 2 1 2 2 2 1 2 1 1 1 1 2 1 
3 161 1 1 2 - - 1 1 1 - - 2 1 1 
3 162 1 1 2 - - 1 1 2 - - 1 2 1 
*Codes located in the Data Key (Table F9 
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Table F1 (continued) 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background 
Information 
Label Information Trim 
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3 163 2 1 2 2 2 1 1 1 2 1 1 1 1 
3 164 1 1 2 - - 1 1 1 - - 1 1 1 
3 165 2 1 2 2 2 1 1 1 2 1 1 1 1 
3 166 2 1 2 2 2 1 1 1 1 1 1 1 1 
3 167 2 1 2 2 2 2 2 1 1 1 1 1 1 
3 168 2 1 2 2 2 2 2 1 1 1 1 1 1 
3 169 - 1 2 2 2 2 2 1 2 1 2 2 1 
3 170 - 1 2 2 2 2 2 1 2 1 2 1 1 
3 171 2 1 2 2 2 1 1 1 1 1 1 1 1 
3 172 2 1 2 2 2 2 1 1 2 1 1 1 1 
3 173 1 1 2 - - 1 1 1 - - 1 1 1 
3 174 1 1 2 - - 1 1 1 - - 1 2 1 
3 175 1 1 2 - - 1 1 1 - - 1 1 1 
3 176 2 1 2 - - 1 1 1 - - 1 2 1 
3 177 2 1 2 2 2 1 2 1 2 1 1 2 1 
3 178 1 1 2 - - 1 1 1 - - 1 1 1 
3 179 2 1 2 - - 1 1 2 - - 1 1 1 
3 180 1 1 2 - - 1 1 1 - - 1 1 1 
3 181 1 1 2 -  - 1 1 1 - - 2 1 1 
*Codes are located in the Data Key (Table F9) 
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Table F1 (continued) 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background 
Information 
Label Information Trim 
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3 182 2 1 2 - - 1 1 2 - - 1 1 1 
3 183 1 1 1 1 3 1 1 1 1 1 1 1 1 
3 184 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 185 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 186 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 187 1 1 1 1 3 1 1 1 1 1 1 2 1 
3 188 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 189 1 1 1 1 3 1 1 1 1 1 1 1 1 
3 190 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 191 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 192 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 193 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 194 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 195 1 1 1 2 3 1 2 1 2 1 1 2 1 
3 196 1 1 1 1 3 1 2 1 2 1 1 1 1 
3 197 1 1 1 2 3 1 2 1 2 1 1 1 1 
3 198 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 199 1 1 1 1 3 1 1 1 1 1 1 1 1 
*Codes are located in the Data Key (Table F9) 
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Table F1 (continued) 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background 
Information 
Label Information Trim 
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3 200 1 1 1 1 3 1 1 1 1 1 1 1 1 
3 201 1 1 1 1 3 1 1 1 1 1 1 1 1 
3 202 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 203 1 1 1 2 3 1 1 2 1 1 1 2 1 
3 204 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 205 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 206 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 207 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 208 1 1 1 1 3 1 1 1 1 1 1 2 1 
3 209 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 210 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 211 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 212 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 213 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 214 1 1 1 1 3 1 1 1 1 1 1 1 1 
3 215 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 216 1 1 1 1 3 1 1 1 1 1 1 2 1 
3 217 1 1 1 2 3 1 1 1 1 1 1 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F1 (continued) 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background 
Information 
Label Information Trim 
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e 
1"
 o
r 
G
re
at
e r
 
F
la
sh
li
gh
t T
es
t 
3 218 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 219 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 220 1 1 1 2 3 1 1 1 1 1 1 2 1 
3 221 1 1 1 1 3 1 1 1 1 1 2 1 1 
3 222 1 1 1 2 3 1 1 1 1 1 1 1 1 
3 223 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 224 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 225 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 226 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 227 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 228 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 229 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 230 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 231 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 232 1 1 2 1 1 1 1 1 1 1 2 1 1 
3 233 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 234 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 235 - 1 2 1 1 1 1 1 1 1 1 1 1 
3 236 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 237 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 238 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 239 1 1 2 1 1 1 1 1 1 1 1 1 1 
*Codes are located in Data Key (Table F9) 
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Table F1 (continued) 
Visual Inspection-(Phase III) Background Information, Label Information, and Trim 
Background Information Label Information Trim 
P
ha
se
 
G
ar
m
en
t 
Y
ea
rs
 o
f 
U
se
 
R
et
ir
ed
? 
O
ut
er
 S
he
ll
 
M
oi
st
ur
e 
B
ar
ri
er
 
T
he
rm
al
 L
in
er
 
C
om
pa
ti
bl
e 
L
ab
el
s 
S
he
ll
 L
eg
ib
il
ity
 
S
he
ll
 A
tt
ac
hm
en
t 
L
in
er
 L
eg
ib
il
ity
 
L
in
er
 A
tt
ac
hm
en
t 
Is
 tr
im
 s
ec
ur
e?
 
D
am
ag
e 
1"
 o
r 
G
re
at
er
 
F
la
sh
li
gh
t T
es
t 
3 240 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 241 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 242 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 243 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 244 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 245 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 246 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 247 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 248 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 249 1 1 2 1 1 1 1 1 1 1 1 1 1 
3 250 1 1 2 1 1 1 1 1 1 1 1 2 1 
3 251 1 1 2 1 1 1 1 1 1 1 1 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F2 
Visual Inspection-Liner Attachment and Closure Functionality (Phase III) 
Liner Attachment Closures 
G
ar
m
en
t N
um
be
r 
M
is
si
ng
 o
r 
D
am
ag
ed
 
F
un
ct
io
na
li
ty
 
C
or
ro
si
on
/D
am
ag
e 
P
ro
pe
r 
A
tt
ac
hm
en
t 
H
oo
k/
L
oo
p 
M
is
si
ng
 o
r 
D
am
ag
ed
 
H
oo
k/
L
oo
p 
Fu
nc
ti
on
al
it
y 
H
oo
k/
L
oo
p 
Pr
op
er
ly
 A
tt
ac
he
d 
Z
ip
pe
r-
M
is
si
ng
/D
am
ag
ed
 
Z
ip
pe
r-
F
un
ct
io
na
li
ty
 
Z
ip
pe
r-
C
or
ro
si
on
/D
am
ag
e 
Z
ip
pe
r-
P
ro
pe
r 
A
tt
ac
hm
en
t 
C
la
sp
-M
is
si
ng
 o
r 
D
am
ag
ed
 
C
la
sp
-F
un
ct
io
na
li
ty
 
C
la
sp
-C
or
ro
si
on
/D
am
ag
e 
C
la
sp
-P
ro
pe
r 
A
tt
ac
hm
en
t 
144* 1* 1* 1* 1* 2* 1* 1* 
 
2* 1* 2* 1* 
145 - - - - 2 1 1 2 1 2 1 
146 2 1 1 1 2 1 1 2 1 2 1 
147 2 1 2 1 2 1 1 2 1 2 1 
148 - - - - 2 1 1 2 1 2 1 
149 - - - - 2 1 1 2 1 2 1 
150 - - - - 2 1 1 2 1 2 1 
151 2 1 2 1 2 1 1 2 1 2 1 
152 2 1 2 1 2 1 1 2 1 2 1 
153 - - - - 2 1 1 2 1 2 1 
154 2 1 2 1 1 2 1 1 2 1 1 
155 2 1 1 1 2 1 1 2 1 2 1 
 
156 2 1 2 1 2 1 1 2 1 2 1 
157 2 1 2 1 2 1 1 2 1 2 1 
158 2 1 2 1 2 1 1 2 1 2 1 
159 2 1 2 1 1 1 1 2 1 2 1 
160 2 1 2 1 2 1 1 2 1 2 1 
161 - - - - 2 1 1 2 1 1 1 
162 - - - - 2 1 1 2 1 2 1 
163 2 1 2 1 2 1 1 2 1 2 1 
164 - - - - 1 1 1 2 1 2 1 
165 2 1 2 1 1 2 2 2 1 2 1 
166 2 1 2 1 2 1 1 2 1 2 1 
167 2 1 2 1 2 1 1 2 1 2 1 
*Codes are located in Data Key (Table F9) 
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Table F2 (continued) 
Visual Inspection-Liner Attachment and Closure Functionality (Phase III) 
Liner Attachment Closures 
G
ar
m
en
t N
um
be
r 
M
is
si
ng
 o
r 
D
am
ag
ed
 
F
un
ct
io
na
li
ty
 
C
or
ro
si
on
/D
am
ag
e 
P
ro
pe
r 
A
tt
ac
hm
en
t 
H
oo
k/
L
oo
p 
M
is
si
ng
 o
r 
D
am
ag
ed
 
H
oo
k/
L
oo
p 
Fu
nc
ti
on
al
it
y 
H
oo
k/
L
oo
p 
Pr
op
er
ly
 A
tt
ac
he
d 
Z
ip
pe
r-
M
is
si
ng
/D
am
ag
ed
 
Z
ip
pe
r-
F
un
ct
io
na
li
ty
 
Z
ip
pe
r-
C
or
ro
si
on
/D
am
ag
e 
Z
ip
pe
r-
P
ro
pe
r 
A
tt
ac
hm
en
t 
C
la
sp
-M
is
si
ng
 o
r 
D
am
ag
ed
 
C
la
sp
-F
un
ct
io
na
li
ty
 
C
la
sp
-C
or
ro
si
on
/D
am
ag
e 
C
la
sp
-P
ro
pe
r 
A
tt
ac
hm
en
t 
168 2 1 2 1 1 1 1 2 1 2 1 
 
169 2 1 2 1 1 1 1 2 1 2 1 
170 2 1 2 1 1 2 2 2 1 2 1 
171 2 1 2 1 1 2 2 2 1 2 1 
172 2 1 2 1 1 1 1 2 1 2 1 
173 - - - - 2 1 1 
 
2 1 2 1 
174 - - - - 2 1 1 2 1 2 1 
175 - - - - 2 1 1 2 1 2 1 
176 - - - - 2 1 1 2 1 2 1 
177 2 1 2 1 2 1 1 2 1 2 1 
178 - - - - 2 1 1 2 1 2 1 
179 - - - - 2 1 1 2 1 2 1 
180 - - - - 2 1 1 2 1 2 1 
181 - - - - 2 1 1 2 1 2 1 
182 - - - - 2 1 1 2 1 2 1 
183 2 1 2 1 2 1 1 2 1 2 1 
184 2 1 2 1 2 1 1 2 1 2 1 
185 2 1 2 1 2 1 1 2 1 2 1 
186 2 1 2 1 2 1 1 2 1 2 1 
187 2 1 2 1 2 1 1 2 1 2 1 
188 2 1 2 1 2 1 1 2 1 2 1 
189 2 1 2 1 2 1 1 2 1 2 1 
190 2 1 2 1 2 1 1 2 1 2 1 
191 2 1 2 1 1 2 2 1 2 1 2 
*Codes are located in the Data Key (Table F9) 
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Table F2 (continued) 
Visual Inspection-Liner Attachment and Closure Functionality (Phase III) 
Liner Attachment Closures 
G
ar
m
en
t N
um
be
r 
M
is
si
ng
 o
r 
D
am
ag
ed
 
F
un
ct
io
na
li
ty
 
C
or
ro
si
on
/D
am
ag
e 
P
ro
pe
r 
A
tt
ac
hm
en
t 
H
oo
k/
L
oo
p 
M
is
si
ng
 o
r 
D
am
ag
ed
 
H
oo
k/
L
oo
p 
Fu
nc
ti
on
al
it
y 
H
oo
k/
L
oo
p 
Pr
op
er
ly
 A
tt
ac
he
d 
Z
ip
pe
r-
M
is
si
ng
/D
am
ag
ed
 
Z
ip
pe
r-
F
un
ct
io
na
li
ty
 
Z
ip
pe
r-
C
or
ro
si
on
/D
am
ag
e 
Z
ip
pe
r-
P
ro
pe
r 
A
tt
ac
hm
en
t 
C
la
sp
-M
is
si
ng
 o
r 
D
am
ag
ed
 
C
la
sp
-F
un
ct
io
na
li
ty
 
C
la
sp
-C
or
ro
si
on
/D
am
ag
e 
C
la
sp
-P
ro
pe
r 
A
tt
ac
hm
en
t 
192 2 1 2 1 2 1 1  2 1 2 1 
193 2 1 2 1 2 1 1 2 1 2 1 
 
194 2 1 2 1 2 1 1 2 1 2 1 
195 2 1 2 1 2 1 1 2 1 2 1 
196 1 1 1 1 1 1 1 2 1 1 1 
197 2 1 2 1 1 1 1 2 1 2 1 
198 2 1 2 1 2 1 1 2 1 2 1 
199 2 1 2 1 2 1 1 2 1 2 1 
200 2 1 2 1 2 1 1 2 1 2 1 
201 2 1 2 1 1 2 2 2 1 2 1 
202 2 1 2 1 2 1 1 2 1 2 1 
203 2 1 2 1 2 1 1 2 1 2 1 
204 2 1 2 1 2 1 1 2 1 2 1 
205 2 1 2 1 2 1 1 
 
2 1 2 1 
206 2 1 2 1 2 1 1 2 1 2 1 
207 2 1 2 1 2 1 1 2 1 2 1 
208 2 1 2 1 2 1 1 2 1 2 1 
209 2 1 2 1 2 1 1 2 1 2 1 
210 2 1 2 1 1 1  1 1 1  
211 2 1 2 1 2 1 1 2 1 2 1 
212 2 1 2 1 2 1 1 2 1 2 1 
213 2 1 2 1 2 1 1 2 1 2 1 
214 2 1 2 1 2 1 1 2 1 2 1 
215 2 1 2 1 2 1 1 2 1 2 12  
*Codes are located in the Data Key (Table F9) 
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Table F2 (continued) 
Visual Inspection-Liner Attachment and Closure Functionality (Phase III) 
Liner Attachment Closures 
G
ar
m
en
t N
um
be
r 
M
is
si
ng
 o
r 
D
am
ag
ed
 
F
un
ct
io
na
li
ty
 
C
or
ro
si
on
/D
am
ag
e 
P
ro
pe
r 
A
tt
ac
hm
en
t 
H
oo
k/
L
oo
p 
M
is
si
ng
 o
r 
D
am
ag
ed
 
H
oo
k/
L
oo
p 
Fu
nc
ti
on
al
it
y 
H
oo
k/
L
oo
p 
Pr
op
er
ly
 A
tt
ac
he
d 
Z
ip
pe
r-
M
is
si
ng
/D
am
ag
ed
 
Z
ip
pe
r-
F
un
ct
io
na
li
ty
 
Z
ip
pe
r-
C
or
ro
si
on
/D
am
ag
e 
Z
ip
pe
r-
P
ro
pe
r 
A
tt
ac
hm
en
t 
C
la
sp
-M
is
si
ng
 o
r 
D
am
ag
ed
 
C
la
sp
-F
un
ct
io
na
li
ty
 
C
la
sp
-C
or
ro
si
on
/D
am
ag
e 
C
la
sp
-P
ro
pe
r 
A
tt
ac
hm
en
t 
216 2 1 2 1 2 1 1 2 1 2 1 
 
217 2 1 2 1 2 1 1 2 1 2 1 
218 2 1 2 1 2 1 1 2 1 2 1 
219 2 1 2 1 1 1 1 2 1 2 1 
220 2 1 2 1 2 1 1 2 1 2 1 
221 2 1 2 1 2 1 1 2 1 2 1 
222 2 1 2 1 2 1 1 2 1 2 1 
223 2 1 2 1 2 1 1 2 1 2 1 
224 2 1 2 1 2 1 1 2 1 2 1 
225 2 1 1 2 2 1 1 2 1 2 1 
226 2 1 2 1 2 1 1 2 1 2 1 
227 1 1 2 1 2 1 1 2 1 2 1 
228 2 1 2 1 2 1 1  2 1 2 1 
229 2 1 2 1 2 1 1 2 1 2 1  
230 2 1 1 1 2 1 1 
 
2 1 2 1 
231 2 1 2 1 2 1 1 2 1 2 1 
232 2 1 2 1 1 1 1 2 1 2 1 
 
233 2 1 2 1 2 1 1 2 1 2 1 
234 2 1 2 1 2 1 1 2 1 2 1 
235 2 1 2 1 2 1 1 2 1 2 1 
236 2 1 2 1 2 1 1 2 1 2 1 
237 2 1 2 1 2 1 1 2 1 2 1 
238 2 1 2 1 2 1 1 2 1 2 1 
239 2 1 2 1 2 1 1 2 1 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F2 (continued) 
Visual Inspection-Liner Attachment and Closure Functionality (Phase III) 
Liner Attachment Closures 
G
ar
m
en
t N
um
be
r 
M
is
si
ng
 o
r 
D
am
ag
ed
 
F
un
ct
io
na
li
ty
 
C
or
ro
si
on
/D
am
ag
e 
P
ro
pe
r 
A
tt
ac
hm
en
t 
H
oo
k/
L
oo
p 
M
is
si
ng
 o
r 
D
am
ag
ed
 
H
oo
k/
L
oo
p 
Fu
nc
ti
on
al
it
y 
H
oo
k/
L
oo
p 
Pr
op
er
ly
 A
tt
ac
he
d 
Z
ip
pe
r-
M
is
si
ng
/D
am
ag
ed
 
Z
ip
pe
r-
F
un
ct
io
na
li
ty
 
Z
ip
pe
r-
C
or
ro
si
on
/D
am
ag
e 
Z
ip
pe
r-
P
ro
pe
r 
A
tt
ac
hm
en
t 
C
la
sp
-M
is
si
ng
 o
r 
D
am
ag
ed
 
C
la
sp
-F
un
ct
io
na
li
ty
 
C
la
sp
-C
or
ro
si
on
/D
am
ag
e 
C
la
sp
-P
ro
pe
r 
A
tt
ac
hm
en
t 
240 2 1 2 1 2 1 1 
 
2 1 2 1 
241 1 1 1 1 2 1 1 2 1 2 1 
242 2 1 2 1 2 1 1 2 1 2 1 
243 2 1 2 1 2 1 1 2 1 2 1 
244 2 1 2 1 2 1 1 2 1 2 1 
245 2 1 2 1 2 1 1 2 1 2 1 
246 2 1 2 1 2 1 1 2 1 2 1 
247 2 1 2 1 2 1 1 2 1 2 1 
248 2 1 2 1 2 1 1 2 1 2 1 
249 2 1 2 1 2 1 1 2 1 2 1 
250 2 1 2 1 2 1 1 2 1 2 1 
251 2 1 2 1 2 1 1 2 1 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F3 
Visual Inspection-Outer Shell (Phase III) 
Outer Shell 
G
ar
m
en
t N
um
be
r 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h 
K
ni
t W
ri
st
le
t S
er
vi
ce
ab
le
? 
144 2* 3* 2* 2* 2* 1* 2* 2* * 
145 0 3 1 2 2 2 2 2 * 
146 1 3 2 1 1 2 2 2 * 
147 2 2 2 1 2 1 2 2 * 
148 2 1 1 1 2 1 2 2 * 
149 2 1 1 1 2 1 2 2 * 
150 3 2 2 1 2 1 2 2 * 
151 2 2 2 1 2 1 2 2 * 
152 1 3 2 1 2 1 2 2 * 
153 1 1 1 1 1 1 1 1 * 
154 2 1 1 1 1 1 1 2 * 
155 2 2 2 1 2 1 1 2 1 
156 2 1 1 1 1 1 1 2 1 
157 1 3 1 1 2 2 2 2 1 
158 1 3 2 2 1 2 2 2 1 
159 2 2 1 2 1 1 2 2 1 
160 2 3 2 2 1 1 2 2 1 
161 2 1 1 1 1 1 2 2 1 
162 1 2 1 1 1 1 2 2 1 
163 2 2 1 1 1 1 2 2 1 
164 2 2 1 1 2 1 2 2 1 
165 1 2 1 1 1 1 2 2 1 
166 2 3 2 1 1 1 2 2 1 
167 1 1 2 1 1 1 1 2 1 
*Codes are located in the Data 1Key (Ta1ble F9) 
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Table F3 (continued) 
Visual Inspection-Outer Shell (Phase III) 
Outer Shell 
G
ar
m
en
t N
um
be
r 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h 
K
ni
t W
ri
st
le
t S
er
vi
ce
ab
le
? 
168 0 1 1 1 1 1 2 2 1 
169 2 1 1 1 1 1 1 2 1 
170 1 1 1 1 1 1 2 2 1 
171 2 1 1 1 2 1 2 2 1 
172 0 2 1 1 2 1 2 2 1 
173 3 2 1 2 1 1 2 2 * 
174 2 3 1 2 2 1 2 2 * 
175 2 2 1 2 2 1 2 2 * 
176 2 2 1 2 1 1 2 2 * 
177 3 1 1 1 1 1 2 2 * 
178 3 1 1 1 1 1 2 2 * 
179 3 1 1 1 1 1 2 2 * 
180 2 2 1 2 1 1 2 2 * 
181 3 1 1 2 1 1 2 2 * 
182 1 2 1 2 1 1 2 2 * 
183 2 1 1 2 1 1 2 2 * 
184 3 2 1 2 1 1 2 2 * 
185 2 1 1 1 1 1 1 1 * 
186 3 1 1 1 1 1 2 2 * 
187 0 3 1 1 2 2 2 2 * 
188 2 2 1 1 2 1 2 2 * 
189 0 2 1 2 1 1 2 2 * 
190 2 2 1 1 1 1 2 2 * 
191 3 0 1 1 1 1 1 2 * 
192 0 4 2 2 2 2 2 2 * 
*Codes are located in the Data Key (Table F9) 
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Table F3 (continued) 
Visual Inspection-Outer Shell (Phase III) 
Outer Shell 
G
ar
m
en
t N
um
be
r 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s 
D
is
co
lo
ra
ti
on
 
 C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h 
K
ni
t W
ri
st
le
t S
er
vi
ce
ab
le
? 
193 0 2 1 2 1 2 2 2 1 
194 0 3 1 2 2 2 2 2 1 
195 2 1 1 2 1 1 2 2 1 
196 3 0 1 1 1 1 1 2 2 
197 2 1 1 1 1 1 2 2 1 
198 0 2 1 2 1 2 2 2 1 
199 2 1 1 2 1 1 2 2 1 
200 3 0 1 1 1 1 1 2 1 
201 1 2 1 2 1 1 2 2 1 
202 2 1 1 1 1 1 2 2 1 
203 2 1 1 1 1 1 2 2 1 
204 0 3 1 2 2 2 2 2 1 
205 1 2 1 1 1 1 2 2 * 
206 2 1 1 1 1 1 2 2 * 
207 2 1 1 1 1 1 2 2 * 
208 2 1 1 1 1 1 2 2 * 
209 2 1 1 1 1 1 2 2 * 
210 3 0 1 1 1 1 2 2 * 
211 2 1 1 1 1 1 2 2 * 
212 2 1 1 1 1 1 2 2 * 
213 2 1 1 1 1 1 2 2 * 
214 2 1 1 1 1 1 2 2 * 
215 1 3 1 1 1 1 2 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F3 (continued) 
Visual Inspection-Outer Shell (Phase III) 
Outer Shell 
G
ar
m
en
t N
um
be
r 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h 
K
ni
t W
ri
st
le
t S
er
vi
ce
ab
le
? 
216 2 1 1 1 1 1 2 2 1 
217 0 3 2 2 1 2 2 2 1 
218 2 1 1 2 1 1 2 2 1 
219 0 3 1 2 1 2 2 2 1 
220 1 3 1 1 1 1 2 2 1 
221 2 1 1 1 1 1 2 2 1 
222 2 1 1 1 1 1 2 2 1 
223 2 1 1 2 1 1 2 2 1 
224 0 4 1 2 2 2 2 2 1 
225 1 2 1 2 2 2 2 2 1 
226 2 1 1 2 1 1 2 2 1 
227 2 1 1 2 1 1 2 2 1 
228 2 2 1 2 1 1 2 2 * 
229 2 1 1 2 1 1 2 2 1 
230 1 2 2 2 2 1 2 2 * 
231 1 2 1 2 1 2 2 2 * 
232 2 1 1 1 1 1 2 2 1 
233 1 2 2 1 2 1 2 2 1 
234 1 2 2 2 1 2 2 2 1 
235 2 1 1 2 1 1 2 2 1 
236 1 2 1 2 1 2 2 2 1 
237 1 2 2 2 1 1 2 2 1 
238 1 2 1 2 1 2 2 2 1 
239 1 2 2 2 1 2 2 2 1 
*Codes are located in the Data Key (Table F9) 
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Table F3 (continued) 
Visual Inspection-Outer Shell (Phase III) 
Outer Shell 
G
ar
m
en
t N
um
be
r 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h 
K
ni
t W
ri
st
le
t S
er
vi
ce
ab
le
? 
240 1 2 1 1 1 1 2 2 * 
241 1 2 1 1 1 1 2 2 * 
242 1 2 1 2 1 2 2 2 * 
243 1 2 2 1 1 1 2 2 * 
244 1 2 2 2 1 2 2 2 * 
245 1 2 2 2 1 2 2 2 * 
246 1 2 2 1 1 1 2 2 * 
247 1 2 2 2 1 1 2 2 * 
248 1 3 1 2 1 2 2 2 * 
249 1 2 2 2 1 2 2 2 * 
250 1 3 2 2 2 2 2 2 * 
251 2 1 1 1 1 1 2 2 * 
*Codes are located in the Data Key (Table F9) 
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Table F4  
Visual Inspection-Moisture Barrier and Thermal Liner (Phase III) 
G
ar
m
en
t N
um
be
r 
Moisture Barrier Thermal Liner 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
S
ea
l T
ap
e 
S
ec
ur
e?
 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
? 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h?
 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s-
Q
ui
lt
in
g 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
? 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h?
 
144 2* 2* 2* 2* 2* 1* 2* 2* 2* 1* 2* 2* 2* 1* 1* 2* 
145 - - - - - - - - - - - - - - - - 
146 1 2 2 1 2 1 2 2 1 2 2 2 1 1 1 2 
147 1 2 2 2 2 1 2 2 0 3 1 2 1 2 1 2 
148 - - - - - - - - - - - - - - - - 
149 - - - - - - - - - - - - - - - - 
150 - - - - - - - - - - - - - - - - 
151 2 2 1 2 2 1 1 2 2 2 2 2 1 1 1 2 
152 0 3 2 2 2 2 2 2 0 3 1 2 1 2 1 2 
153 - - - - - - - - - - - - - - - - 
154 0 3 1 2 2 2 1 2 0 2 1 2 1 2 1 2 
155 1 2 2 2 2 1 2 2 2 2 1 2 2 1 2 2 
156 2 2 1 2 2 1 2 2 0 3 2 2 1 2 1 2 
157 0 3 2 2 2 2 2 2 0 3 1 2 2 2 2 2 
158 0 2 2 2 1 1 2 2 0 2 1 2 2 1 2 2 
159 1 2 2 2 1 1 2 2 0 3 2 2 1 2 2 2 
160 0 3 2 2 1 1 2 2 0 3 2 2 1 2 2 2 
161 - - - - - - - - - - - - - - - - 
162 - - - - - - - - - - - - - - - - 
163 0 2 2 2 2 1 2 2 2 1 1 2 2 1 2 2 
164 - - - - - - - - - - - - - - - - 
165 1 2 2 2 2 1 2 2 1 2 2 2 2 1 2 2 
166 0 3 2 2 2 1 2 2 1 2 1 2 1 1 2 2 
167 1 2 1 2 1 1 1 2 0 3 1 2 1 2 1 2 
168 1 2 1 2 1 1 1 2 0 3 1 2 2 2 2 2 
*Codes are located in the Data Key (Table F9) 
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Table F4 (continued) 
Visual Inspection-Moisture Barrier and Thermal Liner (Phase III) 
G
ar
m
en
t N
um
be
r 
Moisture Barrier Thermal Liner 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
S
ea
l T
ap
e 
S
ec
ur
e?
 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
? 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h?
 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
am
ag
e 
B
ro
ke
n 
S
ti
tc
he
s-
Q
ui
lt
in
g 
D
is
co
lo
ra
ti
on
 
C
ha
ng
e 
in
 M
at
er
ia
l T
ex
tu
re
? 
C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h?
 
169 0 3 2 2 2 2 2 2 0 2 1 2 1 2 2 2 
170 1 2 1 2 1 1 1 2 1 2 1 2 1 1 1 2 
171 1 2 1 2 1 1 1 2 1 2 1 2 1 1 1 2 
172 1 3 2 2 2 1 2 2 0 3 1 2 2 2 1 2 
173 - - - - - - - - - - - - - - - - 
174 - - - - - - - - - - - - - - - - 
175 - - - - - - - - - - - - - - - - 
176 - - - - - - - - - - - - - - - - 
177 1 2 2 2 2 1 2 2 1 2 1 2 1 1 2 2 
178 - - - - - - - - - - - - - - - - 
179 - - - - - - - - - - - - - - - - 
180 - - - - - - - - - - - - - - - - 
181 - - - - - - - - - - - - - - - - 
182 - - - - - - - - - - - - - - - - 
183 1 2 1 2 1 1 2 2 2 3 1 2 1 1 2 2 
184 0 3 2 2 2 2 2 2 0 2 1 2 2 2 2 2 
185 2 2 2 2 2 1 2 2 1 2 1 1 1 1 2 2 
186 3 1 1 1 2 1 2 2 2 1 1 1 1 1 2 2 
187 2 2 2 2 2 1 2 2 0 3 1 2 1 2 2 2 
188 1 3 2 2 2 2 2 2 1 2 1 2 1 1 2 2 
189 2 2 1 2 2 1 2 2 0 3 1 2 1 1 2 2 
190 1 3 2 2 2 1 2 2 0 3 2 2 1 2 2 2 
191 2 1 1 2 2 1 2 2 2 1 1 2 1 1 2 2 
192 0 4 2 2 2 2 2 2 0 4 1 2 2 2 2 2 
193 0 3 2 2 2 2 2 2 0 4 2 2 2 2 2 2 
*Codes are located in the Data Key (Table F9) 
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Table F4 (continued) 
Visual Inspection-Moisture Barrier and Thermal Liner (Phase III) 
G
ar
m
en
t N
um
be
r 
Moisture Barrier Thermal Liner 
S
oi
li
ng
 
O
ve
ra
ll
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lu
at
io
n 
S
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ts
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ut
s 
T
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rm
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 D
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l T
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e 
S
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in
 M
at
er
ia
l S
tr
en
gt
h?
 
S
oi
li
ng
 
O
ve
ra
ll
 E
va
lu
at
io
n 
S
po
ts
, H
ol
es
, C
ut
s 
T
he
rm
al
 D
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C
ha
ng
e 
in
 M
at
er
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l T
ex
tu
re
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C
ha
ng
e 
in
 M
at
er
ia
l S
tr
en
gt
h?
 
194 0 3 2 2 2 2 2 2 0 4 2 2 2 2 2 2 
195 0 3 2 2 * 2 2 2 2 1 1 1 1 1 2 2 
196 2 1 1 2 2 1 2 2 3 0 1 1 1 1 1 2 
197 0 2 1 2 * 1 2 2 1 2 1 2 1 1 2 2 
198 0 4 2 2 * 2 2 2 0 3 1 2 2 2 2 2 
199 1 2 2 2 * 1 2 2 0 2 1 2 2 2 2 2 
200 1 2 2 2 * 1 2 2 2 1 1 2 1 1 2 2 
201 0 4 2 2 * 2 2 2 0 3 2 2 1 2 2 2 
202 1 2 2 2 * 1 2 2 0 2 1 2 2 2 1 2 
203 2 1 2 2 * 1 2 2 0 2 1 2 1 2 2 2 
204 0 4 2 2 * 2 2 2 0 3 1 2 1 2 2 2 
205 1 2 2 2 2 2 2 2 0 2 1 2 1 2 2 2 
206 1 2 2 2 2 1 2 2 2 1 1 2 1 2 2 2 
207 2 2 2 2 2 1 2 2 1 2 1 1 2 1 2 2 
208 1 2 2 2 2 1 2 2 2 1 1 1 1 1 2 2 
209 2 1 2 1 2 1 2 2 2 1 1 2 1 1 2 2 
210 2 1 1 1 2 1 2 2 2 1 1 2 1 1 2 2 
211 2 1 2 1 2 1 2 2 2 1 2 1 1 1 2 2 
212 2 1 2 2 2 1 2 2 2 1 1 2 1 1 2 2 
213 2 1 2 2 2 1 2 2 2 1 2 2 1 1 2 2 
214 2 1 1 2 2 1 2 2 2 1 1 2 1 1 2 2 
215 0 3 2 2 * 1 2 2 0 3 1 2 1 2 2 2 
216 1 2 2 2 * 1 2 2 1 2 1 2 1 1 2 2 
217 0 3 2 2 2 2 2 2 0 3 1 2 2 2 2 2 
218 1 2 2 2 2 1 2 2 0 3 2 2 2 2 2 2 
*Codes are located in the Data Key (Table F9) 
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Table F4 (continued) 
Visual Inspection-Moisture Barrier and Thermal Liner (Phase III) 
G
ar
m
en
t N
um
be
r 
Moisture Barrier Thermal Liner 
S
oi
li
ng
 
O
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n 
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, C
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T
he
rm
al
 D
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l S
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en
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219 0 3 2 2 * 2 2 2 1 2 1 2 2 1 2 2 
220 0 3 2 2 * 2 2 2 0 3 2 2 2 2 2 2 
221 1 2 2 2 * 1 2 2 1 3 1 2 2 1 2 2 
222 2 1 2 2 * 1 2 2 1 2 1 2 1 1 2 2 
223 0 3 2 2 * 2 2 2 0 2 1 2 2 2 2 2 
224 0 4 2 2 * 2 2 2 0 4 2 2 2 2 2 2 
225 0 3 2 2 1 2 2 2 0 3 1 2 2 2 2 2 
226 0 3 2 2 1 2 2 2 0 2 1 2 2 2 2 2 
227 1 2 2 2 1 2 2 2 2 1 1 2 1 1 2 2 
228 1 2 2 2 1 1 2 2 0 2 2 2 1 2 2 2 
229 1 2 2 2 1 1 2 2 1 2 1 2 1 1 2 2 
230 1 2 2 2 2 1 2 2 1 2 1 2 1 2 2 2 
231 1 2 2 2 2 1 2 2 1 2 1 2 1 2 2 2 
232 1 2 2 2 1 2 2 2 2 1 1 1 2 1 2 2 
233 0 3 2 2 2 1 2 2 0 3 2 2 1 2 2 2 
234 1 2 1 2 1 2 2 2 1 2 1 2 1 2 2 2 
235 1 2 2 2 1 1 2 2 2 1 1 2 1 2 2 2 
236 0 3 2 2 1 2 2 2 2 1 1 2 1 2 2 2 
237 0 2 2 2 1 2 2 2 0 2 1 2 1 2 2 2 
238 1 2 2 2 1 2 2 2 0 2 1 2 1 2 2 2 
239 1 2 2 2 1 2 2 2 1 2 1 2 1 2 2 2 
240 1 2 2 2 1 1 2 2 0 1 1 1 1 2 2 2 
241 0 2 2 2 1 2 2 2 2 1 1 1 1 1 2 2 
242 1 2 2 2 2 1 2 2 2 1 1 2 1 1 2 2 
243 1 2 2 2 1 2 2 2 0 2 2 2 1 2 2 2 
*Codes are located in Data Key (Table F9) 
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Table F4 (continued) 
Visual Inspection-Moisture Barrier and Thermal Liner (Phase III) 
G
ar
m
en
t N
um
be
r 
Moisture Barrier Thermal Liner 
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244 1 2 2 2 1 2 2 2 2 1 2 2 1 2 2 2 
245 2 2 2 2 1 2 2 2 1 2 1 2 1 2 2 2 
246 1 2 2 2 1 2 2 2 2 1 1 2 1 2 2 2 
247 1 3 2 2 2 2 2 2 2 1 2 2 1 1 2 2 
248 1 3 2 2 2 2 2 2 0 3 2 2 1 2 2 2 
249 1 3 2 2 2 2 2 2 1 3 2 2 1 2 2 2 
250 2 2 2 2 2 1 2 2 1 2 1 2 1 2 2 2 
251 1 2 2 2 2 1 2 2 1 2 2 2 1 1 2 2 
*Codes are located in Data Key (Table F9) 
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Table F5 
Data Key 
B
ac
kg
ro
un
d 
In
fo
rm
at
io
n 
Garment Number As listed 
Years of Use 
1- between 10 and 15 years 
2-greater than 15 years 
Retired 
1-Yes 
2-No 
Outer Shell Fabric 
1-Kevlar/Nomex 
2-PBI/Kevlar 
3-100% Nomex 
4-Basofil 
Moisture Barrier 
1-Crosstech 
2-Nomex 
3-E89 
4-Aquatech 
5 -Gore-Tex/Aramid 
Thermal Liner 
1-Caldura SL Quilt 
2-Aramid 
3-Nomex 
4-Basofil 
L
ab
el
 I
nf
or
m
at
io
n 
Shell & Liner Labels Match 
1-Yes 
2- No 
Shell Label Integrity 
1-Yes 
2- No 
Shell Label Attached 
1-Yes 
2- No 
Liner Label Legibility 
1-Yes 
2- No 
Liner Label Attached 
1-Yes 
2- No 
T
ri
m
 
Trim Securely Attached? 
1-Yes 
2- No 
Trim-Damage 1" or Greater 
1-Yes 
2- No 
Flashlight Test 
1-Pass 
2- Fail 
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Table F5 (continued) 
Data Key  
C
lo
su
re
 S
ys
te
m
s 
Hook/Loop Missing or Damaged 
1-Yes 
2-No 
Hook/Loop Functionality 
1-Yes 
2-No 
Hook/Loop Proper Attachment 
1-Yes 
2-No 
Zipper-Missing or Damaged 
1-Yes 
2-No 
Zipper-Functionality 
1-Yes 
2-No 
Zipper- Corrosion/Damage 
1-Yes 
2-No 
Zipper-Proper Attachment 
1-Yes 
2-No 
Clasp-Missing or Damaged 
1-Yes 
2-No 
Clasp-Functionality 
1-Yes 
2-No 
Clasp-Proper Attachment 
1-Yes 
2-No 
L
in
er
 A
tt
ac
hm
en
t 
Liner Attachment-Missing or Damaged 
1-Yes 
2-No 
Liner Attachment- Functionality 
1-Yes 
2-No 
Liner Attachment- Corrosion/Damage 
1-Yes 
2-No 
Liner Attachment-Proper Attachment 
1-Yes 
2-No 
137 
 
Table F5 (continued) 
Data Key 
O
ut
er
 S
he
ll
, M
oi
st
ur
e 
B
ar
ri
er
, a
nd
 T
he
rm
al
 L
in
er
 I
nf
or
m
at
io
n 
 Soiling  
0-None 
1-Slight 
2-Moderate 
3-Extreme 
Overall Evaluation 
0-Extremely Poor 
1-Poor 
2-Fair 
3-Good 
4-Excellent 
Spots, Holes, Cuts 
1-Yes 
2-No 
Thermal Damage 
1-Yes 
2-No 
Seal Tape Secure 
1-Yes 
2-No 
Broken Stitches 
1-Yes 
2-No 
Discoloration 
1-Yes 
2-No 
Change in Material Texture 
1-Yes 
2-No 
Change in Material Strength 
1-Yes 
2-No 
Knit Wristlet Serviceable 
1-Yes 
2-No 
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Table F6 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
144 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
146 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
147 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
151 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
152 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
154 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
155 Coat 
A Pass Pass Pass D Fail Fail Fail 
Fail B Pass Pass Pass E Fail Fail Fail 
C Pass Pass Pass         
Coat       Pants   
A - Front Panel     A - Front Panel 
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average
156 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
157 Coat 
A Pass Pass Pass D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
158 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
159 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
160 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
163 Coat 
A Fail Fail Fail D Pass Pass Pass 
Fail B Fail Fail Fail E Pass Pass Pass 
C Fail Fail Fail         
165 Coat 
A Pass Pass Pass D Pass Pass Pass 
Fail B Fail Fail Fail E Pass Pass Pass 
C Fail Fail Fail         
166 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
167 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
168 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
169 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
170 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
171 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
172 Coat 
A Pass Pass Pass D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
177 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
183 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
184 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
185 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
186 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
187 Pant 
A Fail Fail Fail C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
188 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
189 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
190 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
191 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
192 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
193 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
194 Coat 
A Pass Pass Pass D Fail Fail Fail 
Fail B Pass Pass Pass E Fail Fail Fail 
C Pass Pass Pass         
195 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
 
 
 
144 
Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
196 Coat 
A Pass Pass Pass D Fail Fail Fail 
Fail B Pass Pass Pass E Fail Fail Fail 
C Pass Pass Pass         
197 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
198 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
199 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
200 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
201 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
202 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
203 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
204 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
205 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
206 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
207 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
208 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
209 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
210 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
211 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
212 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
213 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
214 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
215 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
216 Coat 
A Pass Pass Pass D Pass Pass Pass 
Pass B Pass Pass Pass E Pass Pass Pass 
C Pass Pass Pass         
217 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Locatio
n Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
218 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
219 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
220 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
221 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
222 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Fail Fail Fail         
Coat       Pants   
A - Front Panel      A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back      C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
 
 
 
149 
Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Locatio
n Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
223 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
224 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
225 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
226 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
227 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
Coat       Pants   
A - Front Panel      A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back      C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
228 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
229 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
230 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
231 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
232 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
233 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average
234 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
235 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
236 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
237 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
238 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
239 Coat 
A Fail Fail Fail D Fail Fail Fail 
Fail B Fail Fail Fail E Fail Fail Fail 
C Pass Pass Pass         
240 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
241 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
242 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
243 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
244 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
245 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Pass Pass Pass 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F6 (continued) 
Liner Light Evaluation 
Garment   
Number Coat/Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Locatio
n Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
246 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
247 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
248 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
249 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
250 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
251 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat       Pants   
A - Front Panel     A - Front Panel   
B -Back Panel      B - Back Panel   
C - Upper Back     C - Seat    
D - Shoulders      D - Crotch   
E - Under Arms  
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Table F7  
Leakage Evaluation 
Garment 
Number 
 Moisture Barrier Fabric Moisture Barrier Seam Overall 
AverageCoat/Pant Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
144 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
146 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Fail Fail Fail D Fail Fail Fail 
147 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
151 Pant 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
152 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
154 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
155 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
156 Coat 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam   
D – Underarm Seam    D – Crotch Seam  
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
157 Coat  
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
158 Coat  
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
159 Coat  
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
160 Coat  
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
163 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
165 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
166 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
167 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam   
D – Underarm Seam    D – Crotch Seam  
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
168 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
169 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
170 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
171 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
172 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
177 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
183 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
184 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam   
D – Underarm Seam    D – Crotch Seam  
 
 
 
157 
Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
185 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
186 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
187 Pant 
A Fail Fail Fail C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
188 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
189 Pant 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
190 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
191 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
192 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam   
D – Underarm Seam    D – Crotch Seam  
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
193 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
194 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
195 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
196 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
197 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
198 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
199 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
200 Coat 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam   
D – Underarm Seam    D – Crotch Seam  
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
201 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
202 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
203 Coat 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
204 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
205 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
206 Pant 
A Fail Fail Fail C Pass Pass Pass 
Fail 
B Pass Pass Pass D Pass Pass Pass 
207 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
208 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
 
 
 
160 
Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
209 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
210 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
211 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
212 Pant 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
213 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
214 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
215 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
216 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
217 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
218 Coat 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
219 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
220 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
221 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
222 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
223 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
224 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
225 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
226 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
227 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
228 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
229 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
230 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
231 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
232 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
233 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
234 Coat 
A Fail Fail Fail C Pass Pass Pass 
Fail 
B Pass Pass Pass D Pass Pass Pass 
235 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
236 Coat 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
237 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
238 Coat 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
239 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
240 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
241 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
242 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
243 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
244 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
245 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
246 Pant 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
247 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
248 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F7 (continued) 
Leakage Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
249 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
250 Pant 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
251 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8  
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
144 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
146 Pant 
A Fail (ph) Fail (ph) Fail (ph) C  Fail (ph) Fail (ph) Fail (ph) 
Fail 
B Fail   Fail   Fail   D Fail   Fail   Fail   
147 Pant 
A Fail Fail Fail C Fail (ph) Fail (ph) Fail (ph) 
Fail 
B Fail Fail Fail D Fail Fail Fail 
151 Pant 
A Pass Pass Pass C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam) Fail (seam) Fail (seam) 
152 Pant 
A Fail (ph) Fail (ph) Fail (ph) C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
154 Pant 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
155 Coat  
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail (ph) Fail (ph) Fail (ph) 
156 Coat  
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail Fail Fail 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
157 Coat  
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
158 Coat  
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
159 Coat  
A Pass Pass Pass C Fail (ph) Fail (ph) Fail (ph) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
160 Coat  A 
Fail 
(hole) 
Fail 
(hole) 
Fail 
(hole) C  Fail (seam) Fail (seam) Fail (seam) Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam) Fail (seam) Fail (seam) 
163 Coat 
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
165 Coat 
A Pass Pass Pass C  Fail (ph) Fail (ph) Fail (ph) 
Fail 
B Pass Pass Pass D Pass Pass Pass 
166 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
167 Coat 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
168 Coat 
A Pass Pass Pass C Fail (ph) Fail (ph) Fail (ph) 
Fail 
B Pass Pass Pass D Pass Pass Pass 
169 Coat 
A Fail Fail Fail C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
170 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail (ph) Fail (ph) Fail (ph) 
171 Coat 
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
172 Coat 
A Pass Pass Pass C Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
177 Pant 
A Pass Pass Pass C  Fail Fail Fail 
Fail 
B Fail Fail Fail D Fail Fail Fail 
183 Pant 
A Fail Fail Fail C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Fail Fail Fail D Fail Fail Fail 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Locatio
n Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
184 Pant 
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
185 Pant 
A Fail Fail Fail C Fail (seam & ph) Fail (seam & ph) Fail (seam & ph)
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam) Fail (seam) Fail (seam) 
186 Pant 
A Fail (ph) Fail (ph) Fail (ph) C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail (ph) Fail (ph) Fail (ph) 
187 Pant 
A Fail (ph) Fail (ph) Fail (ph) C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam) Fail (seam) Fail (seam) 
188 Pant 
A Fail (ph) Fail (ph) Fail (ph) C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Fail Fail Fail D Fail Fail Fail 
189 Pant 
A Fail (ph) Fail (ph) Fail (ph) C Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
190 Pant 
A Fail (ph) Fail (ph) Fail (ph) C  Pass Pass Pass 
Fail 
B Pass Pass Pass D Fail Fail Fail 
191 Pant 
A Fail (ph) Fail (ph) Fail (ph) C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam) Fail (seam) Fail (seam) 
Coat      Pants   
A – Right Pass     A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
192 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Pass 
B Pass Pass Pass D Pass Pass Pass 
193 Coat 
A Pass Pass Pass C Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
194 Coat 
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Pass Pass Pass 
195 Coat 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Fail Fail Fail D Pass Pass Pass 
196 Coat A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
197 Coat 
A Fail Fail Fail C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail Fail Fail 
198 Coat 
A Fail (ph) Fail (ph) Fail (ph) C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Pass Pass Pass 
199 Coat 
A Pass Pass Pass C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (ph) Fail (ph) Fail (ph) 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric Moisture Barrier Seam Overall 
Average Location Rater 1 Rater 2 Average Location Rater 1 Rater 2 Average 
200 Coat 
A Fail Fail Fail C  Fail Fail Fail 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
201 Coat 
A Pass Pass Pass C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
202 Coat 
A Pass Pass Pass C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (ph) Fail (ph) Fail (ph) 
203 Coat 
A Pass Pass Pass C  Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Fail (seam) Fail (seam) Fail (seam) 
204 Coat 
A Pass Pass Pass C Fail (seam) Fail (seam) Fail (seam) 
Fail 
B Pass Pass Pass D Pass Pass Pass 
205 Pant 
A Fail Fail Fail C  Pass Pass Pass 
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Fail (seam & ph) Fail (seam & ph) Fail (seam & ph) 
206 Pant 
A Pass Pass Pass C Pass Pass Pass 
Fail 
B Fail (ph) Fail (ph) Fail (ph) D Pass Pass Pass 
207 Pant 
A Pass Pass Pass C  Pass Pass Pass 
Fail 
B Fail Fail Fail D Fail (ph) Fail (ph) Fail (ph) 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
208  Pant 
A  Pass  Pass  Pass  C  Fail  Fail  Fail 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
209  Pant 
A  Fail  Fail  Fail  C   Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Fail  Fail  Fail  D  Fail (seam)  Fail (seam)  Fail (seam) 
210  Pant 
A  Fail (ph)  Fail (ph)  Fail (ph)  C  Fail  Fail  Fail 
Fail 
B  Fail  Fail  Fail  D  Fail  Fail  Fail 
211  Pant 
A  Pass  Pass  Pass  C   Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Fail (ph)  Fail (ph)  Fail (ph) 
212  Pant 
A  Fail  Fail  Fail  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Fail  Fail  Fail 
213  Pant 
A  Fail (ph)  Fail (ph)  Fail (ph)  C   Fail (ph)  Fail (ph)  Fail (ph) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
214  Pant 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
215  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail  Fail  Fail 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
216  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
217  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
218  Coat 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Fail (seam)  Fail (seam)  Fail (seam) 
219  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
220  Coat 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
221  Coat 
A  Pass  Pass  Pass  C   Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Fail  Fail  Fail  D  Fail (seam)  Fail (seam)  Fail (seam) 
222  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
223  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
224  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
225  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
226  Coat 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
227  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
228  Pant 
A  Fail (ph)  Fail (ph)  Fail (ph)  C  Fail (ph)  Fail (ph)  Fail (ph) 
Fail 
B  Fail  Fail  Fail  D  Pass  Pass  Pass 
229  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Fail  Fail  Fail  D  Pass  Pass  Pass 
230  Pant 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
231  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (ph)  Fail (ph)  Fail (ph) 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
232  Coat 
A  Pass  Pass  Pass  C  Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
233  Coat 
A  Fail  Fail  Fail  C   Fail (seam)  Fail (seam)  Fail (seam) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
234  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
235  Coat 
A  Pass  Pass  Pass  C   Fail (ph)  Fail (ph)  Fail (ph) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
236  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
237  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
238  Coat 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
239  Coat 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
240  Pant 
A  Fail (ph)  Fail (ph)  Fail (ph)  C  Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (ph)  Fail (ph)  Fail (ph) 
241  Pant 
A  Pass  Pass  Pass  C   Fail (ph)  Fail (ph)  Fail (ph) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
242  Pant 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Pass  Pass  Pass 
243  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
244  Pant 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Fail 
B  Pass  Pass  Pass  D  Fail (ph)  Fail (ph)  Fail (ph) 
245  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Fail (seam)  Fail (seam)  Fail (seam) 
246  Pant 
A  Fail (ph)  Fail (ph)  Fail (ph)  C  Fail (ph)  Fail (ph)  Fail (ph) 
Fail 
B  Pass  Pass  Pass  D  Fail (seam)  Fail (seam)  Fail (seam) 
247  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
 
 
 
177 
Table F8 (continued) 
Water Penetration Barrier Evaluation 
Garment 
Number 
Coat/ 
Pant 
Moisture Barrier Fabric  Moisture Barrier Seam  Overall 
Average Location  Rater 1  Rater 2  Average  Location Rater 1  Rater 2  Average 
248  Pant 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
249  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Pass 
B  Pass  Pass  Pass  D  Pass  Pass  Pass 
250  Pant 
A  Pass  Pass  Pass  C  Pass  Pass  Pass 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Fail (seam)  Fail (seam)  Fail (seam) 
251  Pant 
A  Pass  Pass  Pass  C   Pass  Pass  Pass 
Fail 
B  Fail (ph)  Fail (ph)  Fail (ph)  D  Pass  Pass  Pass 
Coat      Pants   
A – Right Pass    A – Right Seat   
B – Left Pass     B – Left Knee   
C – Shoulder Seam    C – Seat Seam  
D – Underarm Seam    D – Crotch Seam 
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Table F9  
Thermal Protective Performance 
Garment 
Number 
Sample ID 
TPP Time TPP Value FFF Value Pain Time 
TPP 
Time 
Average 
TPP 
Value 
Average 
FFF 
Value 
Average 
Pain Time 
Average 
sec. cal / cm² 
(cal / cm²) / 
(oz / yd²) 
sec. sec. cal / cm² 
(cal / cm²) 
/ (oz / yd²)
sec. 
155 
A 30.2 60.4 6.7 20.9 
31.5 63.1 7.0 21.6 B 31.2 62.4 6.9 21.3 
C 33.2 66.4 7.3 22.5 
156 
A 20.8 41.6 4.6 15.3 
20.6 41.2 4.5 15.1 B 20.5 41.1 4.5 14.9 
C 20.4 40.9 4.5 15.0 
167 
A 22.9 45.9 5.1 16.5 
22.7 45.4 5.0 16.3 B 22.5 45.1 5.0 16.2 
C 22.6 45.3 5.0 16.2 
168 
A 22.2 44.4 4.9 16.0 
21.6 43.3 4.8 15.6 B 21.3 42.7 4.7 15.4 
C 21.4 42.8 4.7 15.3 
169 
A 20.8 41.6 4.6 15.0 
20.9 41.9 4.6 15.2 B 20.8 41.6 4.6 15.2 
C 21.2 42.5 4.7 15.5 
170 
A 21.2 42.5 4.7 15.3 
21.3 42.7 4.7 15.4 B 22.3 44.7 4.9 16.3 
C 20.5 41.0 4.5 14.7 
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Table F9 (continued) 
Thermal Protective Performance 
Garment 
Number 
Sample ID 
TPP Time TPP Value FFF Value Pain Time 
TPP 
Time 
Average 
TPP 
Value 
Average 
FFF 
Value 
Average 
Pain Time 
Average 
sec. cal / cm² 
(cal / cm²) / 
(oz / yd²) 
sec. sec. cal / cm² 
(cal / cm²) 
/ (oz / yd²)
sec. 
171 
A 21.8 43.7 4.8 15.6 
22.1 44.3 4.9 15.8 B 21.5 43.0 4.7 15.2 
C 23.0 46.1 5.1 16.5 
195 
A 22.9 45.9 5.1 16.0 
24.5 49.1 5.4 17.2 B 25.4 50.8 5.6 18.0 
C 25.3 50.7 5.6 17.6 
196 
A 25.4 50.9 5.6 17.7 
25.5 51.1 5.6 17.7 B 25.0 50.0 5.5 17.2 
C 26.2 52.4 5.8 18.2 
197 
A 24.0 48.0 5.3 15.7 
23.7 47.5 5.2 15.8 B 24.0 48.1 5.3 16.1 
C 23.1 46.3 5.1 15.5 
199 
A 24.1 48.3 5.3 17 
24.1 48.2 5.3 16.9 B 23.8 47.7 5.3 16.5 
C 24.3 48.6 5.4 17.1 
200 
A 26.5 53.1 5.9 18.5 
25.9 51.9 5.7 18.1 B 25.5 51.1 5.6 17.8 
C 25.7 51.4 5.7 17.9 
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Table F9 (continued) 
Thermal Protective Performance 
Garment 
Number 
Sample ID 
TPP Time TPP Value FFF Value Pain Time 
TPP 
Time 
Average 
TPP 
Value 
Average 
FFF 
Value 
Average 
Pain Time 
Average 
sec. cal / cm² 
(cal / cm²) / 
(oz / yd²) 
sec. sec. cal / cm² 
(cal / cm²) 
/ (oz / yd²)
sec. 
202 
A 24.1 48.3 5.3 16.7 
24.3 48.7 5.4 16.9 B 25.0 50.1 5.5 17.3 
C 23.9 47.8 5.3 16.6 
203 
A 24.3 48.6 5.4 16.6 
24.2 48.4 5.4 16.4 B 24.8 49.6 5.5 17.2 
C 23.5 47.1 5.2 15.5 
216 
A 23.5 47.1 5.2 16.0 
24.0 48.1 5.3 16.5 B 24.8 49.7 5.5 17.3 
C 23.7 47.5 5.2 16.2 
218 
A 22.4 44.9 4.9 15.3 
22.5 45.1 5.0 15.4 B 22.6 45.3 5.0 15.4 
C 22.5 45.1 5.0 15.6 
221 
A 24.4 48.9 5.4 16.3 
24.2 48.5 5.4 16.2 B 23.5 47.1 5.2 15.6 
C 24.8 49.6 5.5 16.7 
222 
A 24.8 49.7 5.5 17.2 
24.8 49.7 5.5 17.5 B 23.4 46.8 5.2 15.7 
C 26.3 52.7 5.8 19.5 
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Table F9 (continued) 
Thermal Protective Performance 
Garment 
Number 
Sample ID 
TPP Time TPP Value FFF Value Pain Time 
TPP 
Time 
Average 
TPP 
Value 
Average 
FFF 
Value 
Average 
Pain Time 
Average 
sec. cal / cm² 
(cal / cm²) / 
(oz / yd²) 
sec. sec. cal / cm² 
(cal / cm²) 
/ (oz / yd²)
sec. 
223 
A 22.4 44.9 4.9 17.7 
21.1 42.2 4.6 15.9 B 21.1 42.3 4.7 15.8 
C 19.7 39.5 4.3 14.2 
226 
A 19.0 38.0 4.2 13.3 
19.4 38.9 4.3 13.8 B 19.3 38.7 4.3 13.8 
C 20.0 40.0 4.4 14.2 
227 
A 19.3 38.7 4.3 13.6 
19.4 38.8 4.3 13.6 B 18.8 37.6 4.1 13.3 
C 20.0 40.1 4.4 13.8 
229 
A 19.6 39.2 4.3 13.7 
19.6 39.2 4.3 13.3 B 19.2 38.4 4.2 13.0 
C 20.0 40.0 4.4 13.1 
232 
A 21.0 42.1 4.6 14.5 
20.7 41.5 4.6 14.5 B 20.4 40.8 4.5 14.5 
C 20.8 41.7 4.6 14.6 
235 
A 20.8 41.6 4.6 14.6 
20.4 40.8 4.5 14.2 B 20.6 41.2 4.5 14.2 
C 19.7 39.5 4.3 13.8 
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Table F9 (continued) 
Thermal Protective Performance 
Garment 
Number 
Sample ID 
TPP Time TPP Value FFF Value Pain Time 
TPP 
Time 
Average 
TPP 
Value 
Average 
FFF 
Value 
Average 
Pain Time 
Average 
sec. cal / cm² 
(cal / cm²) / 
(oz / yd²) 
sec. sec. cal / cm² 
(cal / cm²) 
/ (oz / yd²)
sec. 
236 
A 20.1 40.3 4.4 14.0 
20.1 40.3 4.4 14.1 B 19.5 39.0 4.3 13.8 
C 20.7 41.5 4.6 14.5 
238 
A 20.3 40.7 4.5 14.2 
19.8 39.8 4.4 13.8 B 20.0 40.1 4.4 13.7 
C 19.2 38.5 4.2 13.5 
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Table F10  
TPP Sample Thickness 
Garment 
Number 
Sample Thickness 1 Thickness 2 Thickness 3 Thickness 4 Thickness 5 Average 
155 
1 4.28 4.12 4.38 4.84 4.34 
4.64 2 4.12 4.24 5.20 4.46 4.86 
3 4.22 4.56 4.82 5.04 6.08 
156 
1 2.54 2.52 2.78 2.44 2.62 
2.63 2 2.30 2.70 2.74 2.38 2.60 
3 2.98 2.72 2.74 2.64 2.72 
167 
1 3.00 3.08 2.98 2.96 3.06 
3.03 2 3.30 2.98 2.94 2.94 3.12 
3 2.88 3.02 2.96 3.16 3.00 
168 
1 2.86 3.06 2.82 2.80 2.78 
2.85 2 2.96 2.90 2.78 2.72 2.84 
3 2.74 2.98 2.86 2.56 3.08 
169 
1 2.92 2.92 2.94 2.80 2.94 
2.78 2 2.62 2.78 2.68 2.72 2.60 
3 2.74 2.76 2.70 2.80 2.82 
170 
1 2.86 2.68 2.58 2.84 2.74 
2.79 2 2.94 2.78 3.08 3.04 3.06 
3 2.86 2.70 2.64 2.60 2.46 
171 
1 3.18 3.24 3.28 2.78 3.08 
3.13 2 3.24 3.36 2.92 3.02 3.12 
3 2.88 3.14 3.22 3.26 3.28 
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Table F10 (continued) 
TPP Sample Thickness 
Garment 
Number 
Sample Thickness 1 Thickness 2 Thickness 3 Thickness 4 Thickness 5 Average 
195 
1 2.80 2.86 2.74 3.18 3.04 
2.97 2 2.84 3.16 2.94 3.02 2.96 
3 3.10 2.96 2.96 2.98 3.06 
196 
1 2.82 2.70 3.08 3.20 2.90 
2.92 2 2.82 2.92 2.88 2.76 2.92 
3 2.84 2.92 2.96 3.00 3.04 
197 
1 2.92 2.92 2.88 3.10 2.82 
2.95 2 2.96 3.10 2.96 3.06 3.04 
3 2.96 2.94 2.80 2.88 2.92 
199 
1 2.76 3.04 2.68 2.74 3.02 
2.69 2 2.54 2.52 2.68 2.62 2.68 
3 2.64 2.58 2.76 2.54 2.62 
200 
1 2.92 2.60 2.94 2.84 2.62 
2.91 2 3.12 2.92 3.04 3.22 2.78 
3 2.94 2.82 2.98 2.96 2.94 
202 
1 2.74 2.66 2.76 2.78 2.86 
2.67 2 2.68 2.72 2.68 2.58 2.54 
3 2.64 2.62 2.54 2.64 2.58 
203 
1 2.96 3.08 2.88 2.96 3.10 
2.93 2 2.90 3.08 2.86 2.88 3.10 
3 2.80 2.82 2.70 2.90 3.00 
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Table F10 (continued) 
TPP Sample Thickness 
Garment 
Number 
Sample Thickness 1 Thickness 2 Thickness 3 Thickness 4 Thickness 5 Average 
216 
1 2.76 2.80 2.76 2.84 2.90 
2.82 2 2.82 2.92 2.90 2.64 2.74 
3 2.82 2.76 2.76 2.92 2.98 
218 
1 2.70 2.60 2.68 2.68 2.70 
2.69 2 2.66 2.72 2.66 2.74 2.60 
3 2.64 2.90 2.80 2.66 2.62 
221 
1 2.84 2.96 2.92 2.80 2.88 
2.82 2 2.68 2.84 2.92 2.86 2.74 
3 2.68 2.74 2.96 2.74 2.70 
222 
1 3.20 2.82 3.04 2.76 2.98 
2.91 2 2.96 2.90 2.70 2.82 2.86 
3 2.80 3.24 2.82 2.92 2.88 
223 
1 2.80 2.90 2.88 2.84 2.86 
2.87 2 2.94 2.88 2.76 2.92 2.90 
3 2.98 2.94 2.80 2.80 2.86 
226 
1 2.34 2.28 2.34 2.26 2.28 
2.33 2 2.36 2.40 2.48 2.32 2.32 
3 2.32 2.28 2.44 2.28 2.30 
227 
1 2.32 2.40 2.42 2.42 2.48 
2.39 2 2.44 2.34 2.44 2.36 2.34 
3 2.36 2.44 2.40 2.36 2.34 
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Table F10 (continued) 
TPP Sample Thickness 
Garment 
Number 
Sample Thickness 1 Thickness 2 Thickness 3 Thickness 4 Thickness 5 Average 
229 
1 2.42 2.42 2.50 2.48 2.46 
2.43 2 2.48 2.40 2.40 2.38 2.48 
3 2.42 2.36 2.44 2.36 2.38 
232 
1 2.48 2.82 3.06 3.26 2.84 
2.91 2 2.90 2.84 2.90 2.94 2.92 
3 2.86 2.90 3.02 2.88 3.00 
235 
1 2.48 2.34 2.42 2.38 2.40 
2.35 2 2.34 2.48 2.36 2.24 2.38 
3 2.32 2.22 2.34 2.28 2.34 
236 
1 2.44 2.40 2.48 2.48 2.54 
2.45 2 2.44 2.40 2.44 2.44 2.44 
3 2.42 2.50 2.50 2.42 2.48 
238 
1 2.38 2.42 2.42 2.40 2.40 
2.37 2 2.28 2.34 2.34 2.32 2.38 
3 2.46 2.26 2.42 2.32 2.40 
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Table F11 
Composite Garment Thickness 
Garment Number  Coat/Pant  Left Underarm/Crotch 
Lower Hem (4in. From 
bottom)/Pant Leg Hem 
Front Shoulder/  Upper 
Sleeve/Right Knee (w/knee 
pad) 
Average 
155 Coat  4.58 5.08 4.94 4.87 
156 Coat 2.74 4.56 2.64 3.31 
167 Coat 2.82 3.14 2.98 2.98 
168 Coat 5.30 2.90 2.64 3.61 
169 Coat 2.76 2.84 2.78 2.79 
170 Coat 5.06 3.06 2.44 3.52 
171 Coat 7.30 3.58 2.84 4.57 
177 Pant 5.32 2.62 7.04 4.99 
183 Pant 5.46 2.96 6.42 4.95 
185 Pant 2.82 2.84 11.48 5.71 
186 Pant 3.18 2.62 2.80 (no pad) 2.90 
191 Pant 2.68 3.08 10.82 5.53 
195 Coat 2.98 2.84 3.10 2.97 
196 Coat 2.78 5.02 2.88 3.56 
197 Coat 4.18 2.88 3.02 3.36 
199 Coat 2.78 2.90 2.88 2.85 
200 Coat 3.32 3.12 4.32 3.59 
202 Coat 4.90 3.70 2.84 3.81 
203 Coat 3.06 2.82 2.86 2.91 
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Table F11 (continued)  
Composite Garment Thickness 
Garment Number  Coat/Pant  Left Underarm/Crotch 
Lower Hem (4in. From 
bottom)/Pant Leg Hem 
Front Shoulder/  Upper 
Sleeve/Right Knee (w/knee 
pad) 
Average 
206 Pant 3.74 2.94 11.56 6.08 
207 Pant 2.92 2.66 11.10 5.56 
208 Pant 2.80 2.68 12.34 5.94 
209 Pant 3.14 2.90 10.96 5.67 
210 Pant 2.88 2.88 11.36 5.71 
211 Pant 3.84 3.04 12.40 6.43 
212 Pant 2.92 2.60 10.82 5.45 
213 Pant 2.64 3.02 11.48 5.71 
214 Pant 2.84 2.84 10.98 5.55 
216 Coat 2.94 3.06 2.98 2.99 
218 Coat 2.76 3.20 2.92 2.96 
221 Coat 3.02 2.94 2.62 2.86 
222 Coat 3.40 2.42 3.14 2.99 
223 Coat 3.12 2.78 3.62 3.17 
226 Coat 2.40 2.26 2.46 2.37 
227 Coat 2.58 3.00 2.30 2.63 
229 Coat 2.86 2.32 2.40 2.53 
232 Coat 3.42 2.68 3.08 3.06 
235 Coat 2.90 2.26 2.24 2.47 
236 Coat 2.62 2.66 2.30 2.53 
238 Coat 2.54 2.36 2.34 2.41 
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Table F12 
Tearing Strength Results – Outer Shell 
Sample #  Vertical  Horizontal  Average  Sample #  Vertical  Horizontal  Average 
155  25.72  20.78  23.25  207  24.22  26.81  25.52 
156  24.66  19.68  22.17  208  32.55  21.95  27.25 
167  7.63  12.99  10.31  209  29.65  24.17  26.91 
168  9.83  19.48  14.66  210  16.88  15.89  16.39 
169  17.48  13.41  15.45  211  22.78  36.59  29.69 
170  13.62  12.60  13.11  212  14.95  23.40  19.18 
171  13.58  11.98  12.78  213  23.06  35.58  29.32 
177  14.43  19.73  17.08  214  19.36  25.80  22.58 
183  15.51  22.54  19.03  216  22.55  26.23  24.39 
185  22.49  24.52  23.51  218  20.96  26.17  23.57 
186  28.47  24.58  26.53  221  15.29  22.94  19.12 
191  15.90  27.24  21.57  222  17.84  24.04  20.94 
195  14.97  25.24  20.11  223  12.61  15.54  14.08 
196  27.36  24.51  25.94  226  18.08  16.87  17.48 
197  13.50  16.90  15.20  227  21.20  16.20  18.70 
199  12.54  16.43  14.49  229  18.25  14.84  16.55 
200  13.99  19.46  16.73  232  17.70  14.35  16.03 
202  22.30  25.99  24.15  235  15.07  16.34  15.71 
203  16.64  20.85  18.75  236  14.57  12.44  13.51 
206  27.00  27.28  27.14  238  12.51  15.68  14.10 
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Table F12 (continued) 
Tearing Strength Results – Moisture Barrier 
Sample #  Vertical  Horizontal  Average  Sample #  Vertical  Horizontal  Average 
155  14.24  25.05  19.65  207  14.70  16.48  15.59 
156  11.91  18.45  15.18  208  14.69  17.32  16.01 
167  14.84  8.85  11.85  209  16.14  17.51  16.83 
168  8.44  11.67  10.06  210  13.89  15.40  14.65 
169  11.75  15.61  13.68  211  15.44  16.14  15.79 
170  10.63  12.92  11.78  212  15.31  16.89  16.10 
171  9.30  13.81  11.56  213  18.79  15.33  17.06 
177  17.07  11.52  14.30  214  15.57  14.81  15.19 
183  16.94  15.87  16.41  216  16.03  16.81  16.42 
185  15.88  17.48  16.68  218  12.47  17.10  14.79 
186  13.88  15.99  14.94  221  16.62  18.00  17.31 
191  14.64  17.87  16.26  222  15.43  14.97  15.20 
195  19.68  16.52  18.10  223  12.06  25.71  18.89 
196  27.10  27.81  27.46  226  16.45  15.79  16.12 
197  16.92  16.08  16.50  227  15.59  14.93  15.26 
199  18.55  18.01  18.28  229  16.22  15.54  15.88 
200  17.89  17.70  17.80  232  8.96  18.49  13.73 
202  14.43  15.84  15.14  235  16.49  15.78  16.14 
203  14.92  15.10  15.01  236  14.62  12.73  13.68 
206  18.91  17.31  18.11  238  15.83  15.19  15.51 
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Table F12 (continued) 
Tearing Strength Results – Thermal Liner 
Sample #  Vertical  Horizontal  Average  Sample #  Vertical  Horizontal  Average 
155  55.00  55.37  55.19  207  42.97  48.87  45.92 
156  30.12  32.58  31.35  208  66.48  45.55  56.02 
167  32.68  32.97  32.83  209  57.34  42.04  49.69 
168  31.92  31.34  31.63  210  40.47  44.05  42.26 
169  33.36  33.80  33.58  211  42.44  61.70  52.07 
170  35.88  34.67  35.28  212  45.18  41.06  43.12 
171  27.27  44.43  35.85  213  39.70  45.93  42.82 
177  44.91  63.43  54.17  214  48.92  43.55  46.24 
183  44.57  46.49  45.53  216  37.89  45.30  41.60 
185  43.19  49.76  46.48  218  42.91  37.94  40.43 
186  43.92  49.67  46.80  221  50.47  45.83  48.15 
191  18.74  26.27  22.51  222  33.29  44.47  38.88 
195  29.08  17.05  23.07  223  54.76  58.80  56.78 
196  62.00  38.35  50.18  226  54.63  58.63  56.63 
197  33.15  44.43  38.79  227  53.86  49.34  51.60 
199  49.82  47.35  48.59  229  44.43  49.36  46.90 
200  37.30  32.87  35.09  232  36.88  54.58  45.73 
202  49.91  46.81  48.36  235  45.22  44.50  44.86 
203  46.99  39.76  43.38  236  49.52  50.38  49.95 
206  49.35  41.41  45.38  238  51.41  50.19  50.80 
 
 
 
 
 
 
192 
Table F13  
Seam Breaking Strength – Outer Shell – Seat Seams 
Outer Shell- Recorded in ponds of force (lbf) 
Sample # Seat Seam 1 Break Location Seat Seam 2 Break Location Average Seat Seam 
177 238.6 FB/S/Y 248.7 S/Y 243.7 
183 94.0 Y 259.0 S/Y 176.5 
185 190.1 S 119.8 S/Y 155.0 
186 246.5 FB/S  220.1 FB 233.3 
191 197.3 S/Y 216.2 FB/S 206.8 
206 203.6 S/Y 170.1 S/Y 186.9 
207 253.9 S/Y 246.1 S/Y 250.0 
208 310.9 FB/Y 191.1 S/Y 251.0 
209 232.8 FB/S/Y 264.0 FB 248.4 
210 97.4 S/Y 109.6 S/Y 103.5 
211 287.7 S 276.0 S/Y 281.9 
212 178.4 S/Y 266.6 S/Y 222.5 
213 244.1 S/Y 174.1 S/Y 209.1 
214 281.1 Y * S/Y* 281.1 
    FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
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Table F13 (continued) 
Seam Breaking Strength – Outer Shell – Inseams 
Outer Shell- Recorded in ponds of force (lbf) 
Sample # Inseam 1 Break Location  Inseam 2 Break Location Average Seat Seam 
177 228.4 S/Y 223.5 S/Y 226.0 
183 142.5 S 281.6 FB 212.1 
185 244.3 S/Y 329.3 S/Y 286.8 
186 294.2 FB 328.7 FB/S 311.5 
191 163.1 S 232.3 S/Y 197.7 
206 221.0 S/Y 194.7 S/Y 207.9 
207 335.6 S 274.0 S/Y 304.8 
208 339.0 S/Y 303.7 FB/S 321.4 
209 305.5 FB/S 301.9 FB/Y 303.7 
210 141.4 S/Y 86.7 S/Y 114.0 
211 363.6 S 266.7 S/Y 315.2 
212 322.8 FB 290.1 S/FB 306.5 
213 368.9 S 258.8 S 313.9 
214 192.4 S/Y 281.0 S/Y 236.7 
FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
 
 
 
 
194 
Table F13 (continued) 
Seam Breaking Strength – Moisture Barrier – Seat Seams 
Moisture Barrier- Recorded in ponds of force (lbf) 
Sample # Seat Seam 1 Break Location Seat Seam 2 Break Location Average Seat Seam 
177 147.3 FB 120.7 FB 134.0 
183 162.1 FB 149.6 FB 155.9 
185 137.5 FB 173.1 FB 155.3 
186 163.9 FB 147.7 FB 155.8 
191 176.1 FB 167.4 FB 171.8 
206 180.7 FB 171.0 FB 175.9 
207 156.2 FB 185.3 FB 170.8 
208 183.1 FB 164.5 FB 173.8 
209 171.2 FB 137.5 FB 154.4 
210 189.9 FB 157.1 FB 173.5 
211 179.4 FB 187.2 FB 183.3 
212 176.1 FB 160.8 FB 168.5 
213 155.4 FB 154.5 FB 155.0 
214 151.6 FB * FB* 151.6 
FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
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Table F13 (continued) 
Seam Breaking Strength – Moisture Barrier – Inseams 
Moisture Barrier- Recorded in ponds of force (lbf) 
Sample # Inseam 1 Break Location  Inseam 2 Break Location Average Seat Seam 
177 152.3 S 122.0 FB 137.2 
183 68.2 FB 153.5 FB 110.9 
185 171.7 FB 155.4 FB 163.6 
186 161.4 FB 158.7 FB 160.1 
191 160.3 FB 178.1 FB 169.2 
206 172.9 FB 168.4 FB 170.7 
207 164.4 FB 168.9 FB 166.7 
208 157.2 FB 172.7 FB 165.0 
209 172.8 FB 188.2 FB 180.5 
210 168.6 FB 175.0 FB 171.8 
211 173.4 FB 179.4 FB 176.4 
212 157.2 FB/S 161.2 FB 159.2 
213 173.5 Y 163.9 FB 168.7 
214 176.3 FB 134.8 FB 155.6 
FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
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Table F13 (continued) 
Seam Breaking Strength – Thermal Liner – Seat Seams 
Thermal Liner- Recorded in ponds of force (lbf) 
Sample # Seat Seam 1 Break Location Seat Seam 2 Break Location Average Seat Seam 
177 183.2 S/FB 188.8 FB 186.0 
183 228.0 FB 268.4 FB 248.2 
185 240.2 S 269.3 FB 254.8 
186 250.9 FB 256.2 FB 253.6 
191 228.3 FB 177.9 FB 203.1 
206 271.7 FB 271.8 FB 271.8 
207 258.4 FB/Y 247.2 Y/FB 252.8 
208 146.0 FB * FB* 146.0 
209 194.7 FB/Y 180.8 FB/Y 187.8 
210 216.3 FB/Y 207.3 FB 211.8 
211 230.7 FB 234.8 FB 232.8 
212 257.5 FB/Y 220.0 FB 238.8 
213 193.6 FB 222.4 S/FB 208.0 
214 184.9 FB * FB* 184.9 
FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
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Table F13 (continued) 
Seam Breaking Strength – Thermal Liner – Inseams 
Thermal Liner- Recorded in ponds of force (lbf) 
Sample # Inseam 1 Break Location  Inseam 2 Break Location Average Seat Seam 
177 145.8 S 161.9 FB 153.9 
183 172.2 FB 150.0 FB 161.1 
185 218.6 S/FB 222.1 S/FB 220.4 
186 270.0 FB 183.8 FB/S 226.9 
191 270.9 FB 227.6 FB 249.3 
206 255.7 S/FB 243.0 FB 249.4 
207 202.4 S 230.6 S/FB 216.5 
208 146.1 FB 139.3 FB 142.7 
209 120.5 FB 152.3 FB 136.4 
210 230.6 S/FB 229.7 S/Y 230.2 
211 173.6 S 291.3 FB 232.5 
212 251.2 FB 236.6 S 243.9 
213 216.0 S 229.6 FB 222.8 
214 179.9 FB 189.0 FB 184.5 
FB  Fabric Yarn Rupture 
    S  Sewing Thread Rupture 
    Y  Sewn Seam Yarn Slippage 
      *indicates lack of space for second seat seam sample 
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Table F14  
Breaking Strength – Outer Shell 
Phase III - Overall Breaking Strength - Recorded in pounds of force (lbf) 
Sample # Warp 1 Warp 2 Warp 3 Avg. Warp Fill 1 Fill 2 Fill 3 Avg. Fill 
155 188 203.4 154.2 181.9 196.3 162.6 209.8 189.6 
156 114.5 136.3 156.4 135.7 124.4 89.0 167.5 127.0 
167 102.1 98.9 107.0 102.7 81.1 89.1 126.8 99.0 
168 50.6 59.6 46.4 52.2 76.5 63.1 50.1 63.2 
169 176.0 172.0 163.7 170.6 177.5 167.7 179.7 175.0 
170 117.4 109.1 122.0 116.2 125.2 107.6 133.7 122.2 
171 89.0 132.6 103.9 108.5 146.8 143.3 95.8 128.6 
177 161.8 174.2 163.4 166.5 181.2 168.9 186.8 179.0 
183 158.3 129.4 111.6 133.1 183.8 201.2 208.1 197.7 
185 180.6 211.9 92.3 161.6 201.2 234.2 217.2 217.5 
186 204.1 208.2 228.2 213.5 164.5 226.1 214.0 201.5 
191 155.6 164.1 146.4 155.4 147.7 197.0 191.0 178.6 
195 152.2 161.0 128.2 147.1 177.3 179.8 145.0 167.4 
196 117.5 201.8 227.5 182.3 209.5 166.6 141.1 172.4 
197 126.5 123.1 136.2 128.6 140.8 154.5 127.2 140.8 
199 129.3 95.5 58.5 94.4 129.4 156.9 138.6 141.6 
200 162.0 191.1 149.5 167.5 97.7 175.4 128.8 134.0 
202 207.0 220.0 230.6 219.2 215.6 187.5 222.1 208.4 
203 185.2 181.3 173.8 180.1 215.0 335.7 188.6 246.4 
206 181.3 229.4 248.0 219.6 241.1 226.1 153.1 206.8 
207 196.9 200.6 235.1 210.9 272.7 236.1 267.2 258.7 
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Table F14 (continued) 
Breaking Strength – Outer Shell 
Phase III - Overall Breaking Strength - Recorded in pounds of force (lbf) 
Sample # Warp 1 Warp 2 Warp 3 Avg. Warp Fill 1 Fill 2 Fill 3 Avg. Fill 
208 199.8 182.5 148.6 177.0 213.5 189.1 184.1 195.6 
209 239.5 216.2 208.8 221.5 231.8 245.0 234.3 237.0 
210 119.3 143.8 100.9 121.3 139.2 118.5 110.8 122.8 
211 210.7 206.3 181.2 199.4 232.6 245.8 236.2 238.2 
212 196.7 189.8 164.1 183.5 208.4 184.2 194.4 195.7 
213 240.0 210.3 218.9 223.1 260.4 270.0 266.6 265.7 
214 144.3 209.0 257.5 203.6 213.8 212.5 278.5 234.9 
216 197.0 199.2 196.6 197.6 211.0 206.3 204.3 207.2 
218 199.0 200.9 161.2 187.0 183.3 217.9 163.3 188.2 
221 148.9 170.3 186.0 168.4 158.2 176.7 149.2 161.4 
222 209.0 225.6 201.6 212.1 218.3 242.6 235.6 232.2 
223 93.9 80.3 84.8 86.3 120.2 135.7 136.4 130.8 
226 100.5 125.2 153.9 126.5 103.1 110.2 95.2 102.8 
227 132.3 138.4 164.5 145.1 127.9 147.3 125.6 133.6 
229 105.7 104.7 142.6 117.7 102.2 116.1 117.2 111.8 
232 97.1 135.6 132.8 121.8 118.6 121.3 131.8 123.9 
235 126.3 112.6 122.1 120.3 112.3 131.6 130.3 124.7 
236 118.9 99.9 129.2 116.0 73.7 104.9 127.3 102.0 
238 129.4 114.6 129.8 124.6 128.1 125.9 117.4 123.8 
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Table F15 
Flammability – Outer Shell 
Flammability-Outer Shell 
Garment Number After Flame After Glow Char Length Garment Number After Flame After Glow Char Length 
155 0 15.69  1/6 207 0 32.18 1 1/2 
156 0 45.42  1/3 208 0 19.69 1 1/2 
167 0 10.05  4/5 209 0 29.49 1 2/7 
168 0 38.69  3/5 210 0 17.93 2 1/2 
169 0 74.22  2/5 211 0 22.4  6/7 
170 0 17.37  5/6 212 0 19.93 1 1/6 
171 0 10.78  5/7 213 0 15.87 1 3/7 
177 0 26.16  1/2 214 0 26.76  5/6 
183 0 23.67  3/4 216 0 24.31  6/7 
185 0 15.33 1 1/2 218 0 13.51  6/7 
186 0 56.43 1 1/3 221 0 19.85 1 2/3 
191 0 26.51 2 1/4 222 0 22.78  3/4 
195 0 29.9 2     223 0 23.81  3/7 
196 0 13.66 1 4/7 226 0 23.36  6/7 
197 0 19.22 1 2/7 227 0 127.01  1/2 
199 0 36.54 1 3/7 229 0 15.28  3/4 
200 0 41.73 2     232 0 13.73 1     
202 0 20.67 1 1/9 235 0 20.81  5/8 
203 0 57.27 1 1/7 236 0 20.18  5/7 
206 0 15.07 1 1/9 238 0 14.24  4/5 
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Table F15 (continued) 
Flammability – Moisture Barrier 
Flammability-Moisture Barrier 
Garment Number After Flame After Glow Char Length Garment Number After Flame After Glow Char Length 
155 0 20.09 2 5/9 207 0 4.4 7     
156 0 11.9 4 4/7 208 0 2.16 7     
167 0 0 1 3/7 209 10.31 0 7     
168 0 7.36 4 1/2 210 0 12.58 6 2/3 
169 0 6.07 4 2/3 211 0 5 5 5/9 
170 0 19.63 3     212 0 11.16 5 1/6 
171 0 4.23 4     213 0 13.43 5 1/3 
177 0 18.09 3 2/5 214 10.03 0 8 1/4 
183 21.51 0 5 5/7 216 0 2.61 6     
185 0 7.67 4 3/5 218 0 20.43 3 2/9 
186 0 16.04 3 2/5 221 10.93 0 6 1/9 
191 9.03 0 3 2/5 222 0 3.41 3 5/6 
195 0 2.87 4 4/7 223 0 25.34 5     
196 0 4.75 5     226 1.72 0 4 2/7 
197 2.31 4.34 4 3/5 227 11.34 0 3 5/7 
199 0 11.39 4 4/9 229 0 3.31 5     
200 0 3.79 4 2/3 232 0 7.01 3 8/9 
202 0 3.18 3 1/2 235 0 3.64 4     
203 0 5.31 5 6/7 236 3.85 3.25 4     
206 0 37.13 5 1/3 238 0 0 4 4/7 
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Table F15 (continued) 
Flammability – Thermal Liner 
Flammability-Thermal Liner 
Garment Number After Flame After Glow Char Length Garment Number After Flame After Glow Char Length 
155 0 7.55  3/4 207 0 18.85 1 1/4 
156 0 10.39 1     208 0 19.83 1 7/9 
167 0 14.13 1 2/9 209 0 6.58 0     
168 0 14.69 1     210 0 30.04 1 4/5 
169 0 22.59 1 1/2 211 0 9.69 1 2/9 
170 0 12.57 1 2/9 212 0 11.64 1 3/8 
171 0 10.42  4/5 213 0 18.51 1 2/7 
177 0 9.28 1 1/2 214 0 7.07  3/7 
183 0 16.64 1 2/3 216 0 21.43 1 2/3 
185 0 1.73  6/7 218 0 7.34  6/7 
186 0 32.42 1 2/3 221 0 12.88 1     
191 0 14.3  1/3 222 0 33.24 1 1/2 
195 0 11.1 1     223 0 10.07 2     
196 0 21.57 1 4/7 226 0 5.79 1 6/7 
197 0 8.22  3/4 227 0 4.91 1 1/7 
199 0 10.72 1 2/7 229 0 3.61  2/5 
200 0 5.19 1     232 0 14.3 1 1/3 
202 0 46.03 2 1/8 235 0 12.16  2/5 
203 0 26.9 2     236 0 4.13  3/7 
206 0 12.82 1 2/7 238 0 5.42 1 4/7 
 
203 
 
 
 
 
VITA 
 
 Meredith Laine Cinnamon was born in Lexington, Kentucky. Meredith attended 
Mercer County Senior High School and graduated in May of 2008. From there, she 
attended the University of Kentucky where she earned a Bachelor of Science in Career 
and Technical Education, emphasis in Family and Consumer Sciences, and a Bachelor of 
Science in Merchandising, Apparel and Textiles upon graduation in May 2012. 
Throughout her undergraduate and graduate careers, Meredith worked in the Textile 
Testing Lab at the University of Kentucky where she was a lab technician for one and a 
half years, and lab manager for two and a half. Meredith was awarded an undergraduate 
research assistantship in 2011 and a graduate research assistantship in 2012. She was 
awarded a teaching assistant position in the department for the Textiles for Consumers 
course in 2013, during which she served as the primary instructor for the course. As an 
undergraduate, Meredith was awarded the Merchandising, Apparel and Textiles 2011 
Undergraduate Student of Excellence and the School of Human Environmental Sciences 
2012 Undergraduate Student of Distinction. In October 2012, she received her Green Belt 
certification in Six Sigma. As a graduate student, she was awarded the Merchandising, 
Apparel and Textiles 2013 Graduate Student of Excellence. 
 
       ______________________________ 
